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INTRODUCTION 
In meat animal production, we are aware of the need for 
producing a product which is acceptable to the consumer. This 
would be especially true in swine production. The fact is 
known that the pig is capable of producing large quantities of 
fat which in the merchandisable form is worth less per pound 
than the price per pound of its live weight. This along with 
the consumers demand for lean cuts of pork has forced the 
research worker to concentrate on nutritional, breeding and 
management regimens which produce a muscular carcass with a 
minimum of external fat deposit. 
Animal nutrition research workers are today gaining 
considerably more precision in their response evaluations than 
was true several years ago. Much of this gain is due to a 
greater and more sophisticated usage of statistics and much is 
due to the increased number of response measurements. 
Nutrition researchers cannot consider only rate of live 
weight gain, efficiency of feed conversion and simple carcass 
characteristics as precise or efficient response criteria. 
Many experiments are conducted where the only measurements 
taken are rate of live weight gain and efficiency of feed 
conversion. Since we are interested in the amount of sub­
stance saleable to the consumer, it seems we should be 
evaluating rate of gain by some other means rather than taking 
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Into account slaughter wastage. For example, perhaps rate of 
carcass gain or rate of lean meat gain should be a more pre­
cise estimate of response. The four lean cuts represent 
approximately 65 percent of the carcass value but this portion 
is given no priority consideration when rate of gain is 
calculated on a live weight gain basis. 
Through breeding and nutritional programs our aim is to 
produce a muscular market pig with a minimum of extramuscular 
fat but with enough intramuscular fat for the meat to be 
tender, juicy and flavorful. It is imperative to understand 
the relationships between nutritional factors, nutritional 
programs, rate of growth, simple carcass measurements, body 
components, and palatability factors. 
This investigation was undertaken to evaluate the effect 
of nutrition upon growth performance, carcass characteristics, 
body composition, relationships between these variables, and 
rate of gain responses other than average daily live weight 
gain. 
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REVIEW OF LITERATURE 
In this literature review only most recent or pertinent 
publications on growth and carcass characteristics are reviewed 
which pertain to the nutritional factors or programs explored 
in this thesis study. A thorough review is given of data 
available on the influence of nutrition upon body composition 
and correlations between simple carcass characteristics, body 
composition, and palatability factors. 
Body Composition of Swine as 
Influenced by Nutrition 
In a discussion of pork quality we must define our 
interpretation of this terminology. Not only is it necessary 
to distinguish between simple carcass characteristics and 
actual body composition but we must become still more refined 
and distinguish between cuts, muscles and carcass when refer­
ring to body composition. 
In determining body composition, the necessity of follow­
ing a standardized procedure when obtaining tissue samples was 
dramatically shown by Briskey _et (i960) and Batcher and 
Dawson (I960). These latter workers presented the following 
correlations which show many differences between muscles 
within a cut: 
Table la. Correlation coefficients between various quality measurements on raw pork 
Marbling score 
Backfat thickness and — and — Intramuscular 
Intra- Marbling Kraemer Intra- Kraemer fat and 
muscular score shear muscular shear Kraemer shear 
Out and muscle fat fat 
Rib Longissimus dorsi 
Loin Longissimûs dorsi 
Ham, butt half; 
Biceps femoris 
Rectus femoris 
Ham, shank half: 
Semitendinosus 
Semimembranosus 
0.68 0.52 0.41 
0.51 — 0.47 
0.43 — 0.03 
—0.02 —— 0.01 
0.60 — —0.29 
0.56 —— 0.46 
0.74 0.29 0.45 
0.67 0.37 0.28 
0.66 0.59 0.25 
0.51 0.23 0.18 
0.38 0.04 -0.40 
0.67 0.63 0.13 
-> 
Table lb. Correlation coefficients between backfat, muscle fat content and 
palatability factors of cooked pork 
Fat content and — Tenderness score and — Juiciness score and -
Back- Marbling Marbling Pat Kraemer Back- Marbling Pat Back-
fat score score con- shear fat score con- fat 
Cut and muscle tent tent 
Rib Longissimus 
dorsi 0.78 
Loin Longissimus 
dorsi 0.51 
Ham, butt half: 
Biceps femoris -0.4l 
Rectus femoris 0.59 
Ham, shank half: 
Semitendinosus -0.10 
Semimembrano sus -0.22 
0.19 0.73 0.80 -0.74 0.51 0.85 0.64 0.77 
0.80 0.84 0.86 -0.91 0.48 0.86 0.91 0.4o 
-0.34 
0.49 
0.71 
0.75 
-0.32 
0.08 
-0.82 
-0.94 
0.48 
0.53 
0.77 
0.87 
H
 
0
 0
 
1 0.46 
0.61 
0.14 
0.13 
0.32 
0.23 1 
1 
0
 0
 
ro
 
-0.56 
-0.85 
0.51 
0.32 
0.34 
0.21 
-0.42 
-0.82 
0.74 
0.59 
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Carpenter et al. (196I) reported results of a study on 
intramuscular fat distribution in the Longissimus dorsi of 
paired pork loins. The authors concluded that extreme varia­
tion exists between the fat content of different areas of this 
muscle and emphasized the importance of following a standard­
ized procedure lAien obtaining samples for use in pork quality-
research. The results indicated that a valid area for estima­
tion of the intramuscular fat content of the entire 
Longissimus dorsi would be somewhere between the 7th and 13th 
ribs. 
A review of the literature reveals that considerable 
effort has been denoted to carcass composition methodologies, 
but relatively little to the influence of nutrition upon car­
cass or individual muscle(s) composition. However, a large 
magnitude of literature exists on the effect of nutritional 
regimen upon simple carcass characteristics, i.e. loin eye 
area, percent lean cuts, percent ham and loin, length, dress­
ing percent, grade and backfat thickness (Brown et aJ., 1951; 
Whiteman et al., 1953; Zobrisky ^  , 1959; Pearson et al.. 
1958a and Henry et al., 1963). 
Perhaps the classical work on swine body composition is 
that published by McMeekan (1940a, 1940b, 19^c). This is no 
doubt the most thorough data ever published on the composition 
of swine carcasses and for purposes of this review only the 
pertinent data will be discussed. The four nutritional 
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regimens followed were: (1) H-H, full-feed from birth to 
200 pounds (2) H-L, full-feed from "birth to 16 weeks and then 
restricted to 200 pounds (3) L-H, restricted feed from birth 
to 16 weeks and then full feed to 200 pounds and (4) L-L, 
restricted feed from birth to 200 pounds. The following 
summary is presented here since the results show trends Triiioh 
are common of several reports; 
Nutritional oroKram 
H-•H H-•L i-H L-L 
Carcass (#) 
Skeleton 10. 98 11. 23 9.67 12. 39 
Muscle 4o. 26 44. 86 36.32 49. 13 
Intermuscular fat 10. 16 9. 45 11.76 8. 68 
Subcutaneous fat 28. 17 23. 91 32.27 18. 82 
Total fat 38. 33 33. 36 44.13 27. 50 
Longissimus dorsi {%) 
Fat 4. 51 3. 62 6.91 2. 02 
Water 71. 78 72. 62 70.46 73. 74 
For example, the inverse relationship of tissue fat content 
and tissue water content is quite typical of other work. Reid 
et al. (1955) suggested that the percentages of fat, protein 
and ash could be predicted quite accurately if the water con­
tent of the whole empty body is known. A correlation coef­
ficient of -0.98 between water and fat was reported by these 
workers. Using the Longissimus dorsi muscle. Judge et 
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(I960) reported a correlation coefficient of -0.8^ between 
percent water and percent fat. 
McMeekan's overall conclusions were that rapid early 
growth and slow later growth Intensifies the early developing 
tissues such as muscle and skeletal framework and inhibits the 
later developing tissues such as subcutaneous fat. This work 
is supported by other work which was published at about the 
same period (Hllditch âi* » 1939). 
Recent literature provides considerable data on the 
effect of limited feeding on carcass characteristics (Merkel 
et , 1958; Pickett et , 1963; Thrasher and Mullins, 
1963; Wallace et al., 1963a and Becker et al., 1962). Cunning­
ham et (1962) studied the effect of limited feeding on 
body composition. Rations employed were (1) L-B, basal ration 
at 1/2 normal feed Intake (12.2 percent protein) (2) H-P, same 
level of Intake as L-B but 20.7 percent protein and (3) H-B, 
as much basal as they would consume. The feeding regimen was 
used during the last 25 percent of the pigs body growth to 
market weight. This being an Important time when the pig 
deposits the greatest ratio of fat to protein as reported by 
McMeekan. The data provided evidence that the H-P diet 
resulted in significantly Increased carcass protein and a 
significantly lower fat percentage than the H-B diet. H-P and 
L-B fed pigs had significantly more ash content than the H-B 
fed pigs. This was explained on the basis of more time 
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required for the H-P and L-B fed pigs to reach market weight. 
Three levels of feed intake, full, j/4 and 1/2 were used 
by Ellis and Zeller (1931) to study the level of Intake effect 
upon carcass composition. Pigs weighing 68 pounds initially 
were fed to 200, pounds and then slaughtered. Pull fed pigs 
had 35.7 percent carcass fat as compared to 34.5 and 28.7 for 
the 3/4 and 1/2 fed pigs, respectively. 
The period of time of the middle 1950's produced con­
siderable interest in ration supplementation with antibiotics 
and their influence upon growth performance and consequently 
body composition. 
Vitamin and/or antibiotic supplementation failed to 
cause differences in carcass water, protein and fat in a study 
conducted by Hanson et (1955). The control pigs did have 
more protein, more water and less fat than any other lots 
since they were 20 days older at slaughter and thus fattened 
less rapidly. The authors did note a significant effect of 
ration upon ash content due to antibiotic. A report by Perry 
et al. (1953) indicated that antibiotic-fed hogs contained 
significantly more carcass fat and significantly less carcass 
protein and water than carcasses from the control animals. 
Antibiotic supplementation and its influence upon carcass 
composition was reported by Clawson ^  al. (1955). Carcass 
water was slightly lower and carcass fat slightly higher in 
antibiotic fed pigs but not significantly different from the 
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controls. 
It is known that percent of fat and water changes with an 
increase in age and this effect is shown in work published by-
Kelly £t (1957) •where slaughter weight and antibiotic 
supplementation were studied concomitantly. Pigs were 
slaughtered at 85, 125, 165 and 205 pounds of live weight and 
treatments involved a control diet and a control diet plus 
chlortetracycline. Percent water decreased significantly and 
percent fat increased as weight increased, however, chemical 
analysis of the carcass revealed no significant differences 
due to the antibiotic treatment. 
The influence of protein level and antibiotic supple­
mentation upon body composition was reported by Stevenson et 
al. (i960). Starting protein levels were 18 and 14 percent 
and then reduced to 15 and 11 percent at 125 pounds body 
weight. Chemical analysis of the ham Indicated protein had a 
significant effect upon water, protein and ether extract i.e. 
protein higher, ether extract lower and water higher on high 
protein diets. Antibiotic supplementation failed to result in 
any differences in ham tissue composition. 
The nutritional factor most studied in swine nutrition 
experimentation has been that of protein level and/or quality. 
Although diet protein level can affect body composition it 
appears that rather wide ranges in levels are needed to exert 
any significant influence. 
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Three sets of protein levels (12 vs. 16, 1? vs. 22 and 
17 vs. 26 percent) were studied by Carroll et (1936). The 
average differences in the carcass water, fat, protein and ash 
were significantly different between compared groups of pigs. 
These authors noted that changes in carcass composition were 
greater for a given change of protein level at the lower levels 
of dietary protein. 
An experiment was conducted by Kropf ^  (1959) to 
study the effect of protein level and quality upon body 
composition of pigs. Experimental diets were (1) 16 percent 
protein with balanced essential amino acids (2) 16 percent 
protein with poorly balanced essential amino acids and (3) 
12 percent protein with balancsd essential amino acids. Pig 
slaughter weights were 85, 145 and 205 pounds. The experi­
mental design involved stratification such that the effect of 
sex, stage of slaughter and treatment could be evaluated. 
Percentages of water and fat were determined on the composite 
carcass and also on the Longissimus dorsi. The 16 percent 
protein diet with balanced amino acids resulted in signifi­
cantly more carcass water and protein and Longissimus dorsi 
protein. Percent fat was significantly less in both tissues 
from pigs fed this diet. There were no significant differ­
ences between rations 2 and 3 except upon Longissimus dorsi 
protein content. The known inverse relationship between car­
cass water and fat was obvious from these data. 
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The sex effect was significant with gilts having more 
muscle and less fat. The stage (weight at slaughter) effect 
was significant, since when expressed as a percentage, the 
fat increased, protein decreased and water decreased with age. 
Recent years have produced much interest in the energy-
protein relationships of swine and particularly poultry diets. 
Wagner et (1963) used a 3 x 2 factorial approach to study 
the effect of 3 levels of protein (25, 19 and 13 percent) and 
2 levels of energy (1309 and 1642 kllocalories of metaboliza-
ble energy/pound). Pigs were slaughtered at 150 and 200 
pounds of live weight and tissue samples were taken from the 
Serratus ventralis muscle. In this report the only statis­
tically significant effects were that of decreased protein 
causing a linear increase in tissue ether extract and 
increased weight resulted in a smaller percentage of the dry 
matter being attributed to nitrogen. Although the energy 
effect was not significant, trends of increased fat were 
evident in pigs fed high energy diets. 
The same report described an experiment in idiich the same 
protein levels were used but 2 different energy levels were 
fed (950 and II70 kllocalories of productive energy/pound). 
Pigs were again slaughtered at 150 and 200 pounds of body 
weight with tissue samples taken from the Longissimus dorsi 
near the area of the 10th rib. 
Significant differences in fat content of tissues (ether 
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extract) were caused by energy level, protein level and sex. 
High energy rations produced higher levels of tissue fat, high 
protein produced less tissue fat and castrated male pigs were 
fatter than gilts. Weight differences caused a significant 
difference in nitrogen content with 150 pound pigs having 
higher levels of or more tissue nitrogen. Protein level 
caused a significant quadratic effect upon nitrogen levels in 
tissues. 
Protein level and diet androgen supplementation [3,4-
bis (p-hydroxyphenyl)-3-hexane 3] were studied together in an 
experiment conducted by Mente (1963). Two levels of protein 
(12 and 14 percent) and 3 levels of the androgen Halotestin 
(0.0, 5.0 and 10.0 milligrams/pound) were combined in a 2 x 3 
factorial experiment. Low protein resulted in significantly 
more Longlsslmus dorsi fat, however, androgen exerted no effect 
upon this measurement. Longissimus dorsi nitrogen was 
slightly higher as a result of the l4 percent protein diet and 
Halotestin apparently had no effect. Beeson et e^. (1955) 
reported the results of a study in which methyl testosterone 
was fed at a level of 20 milligrams per animal daily. Chemi­
cal analysis on the edible portion of the carcass indicated 
that the androgen resulted in significantly less fat, more 
moisture and a trend toward more protein. 
The most consistent nutritional factors producing dif­
ferences in body composition are those of wide ranges in 
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protein and/or energy level. Protein level, referring not only 
to quantity but also to quality increased energy level and/or 
decreased protein level produces a carcass with a greater 
percentage of fat. The increased percentage of carcass fat 
concomitantly results in less carcass water. A definite 
inverse relationship between carcass water and fat has been 
demonstrated. Increased level of dietary protein will also 
increase carcass nitrogen, however not as dramatically as 
water and fat as it appears to be much more stable. 
If compared with a program which retards growth, a 
nutritional program which speeds rate of growth will result 
in a fatter carcass. Retarded growth also results in 
increased nitrogen percentage wise, which is more of a 
reflection of reduced fat deposition than increased nitrogen 
deposition. 
A significant sex effect upon body composition does exist 
with castrate male pigs producing more carcass fat than 
females. 
It appears that body composition, especially of a spe­
cific muscle such as the Longissimus dorsi, may not be 
sensitive enough to detect small or minor differences in feed­
ing programs. If a certain muscle is selected for measure­
ments, we should be consistent and sample from the same area 
within a muscle. Even more important is the need for sampling 
the same muscle within a cut. 
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Correlations Between Body Composition, Carcass 
Characteristics and Palatability Factors 
It is commonly thought that the amount of marbling 
(intramuscular fat) is associated with tenderness (Harrington 
and Pearson, I960; Zessin et , I96I; Eauffman, 1959; 
Kauffman, 1964; Henry ^  al., 1963; Baffle and Bratzler, 1959 
and Batcher and Dawson, i960). However, Judge et (i960) 
and Batcher _et (I962) reported that intramuscular fat did 
not enhance palatability. 
If intramuscular fat does enhance palatability, this 
gives the researcher need for developing nutritional programs 
which produce the "correct" amount of intramuscular fat. 
However, such topics as tenderness, marbling, color, flavor 
and their relationships with marbling are met with differences 
of opinion. Some of these differences may be accredited to 
differences in research finding but no doubt some are based 
upon personal judgments. 
Considerable work is involved in obtaining determinations 
on tissue sample fat content and still more in determining 
carcass fat values. If a simple measurement such as average 
backfat thickness were highly correlated with intramuscular 
fat, we could then use this simple measurement as an indicator 
of intramuscular fat. Carpenter jet (1961) reported corre­
lation coefficients of only 0.06 and -0.06 between percent 
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intramuscular fat of the Longissimus dorsi and backfat thick­
ness. This agrees with Henry et (1963) •who suggested that 
marbling is not Influenced by the amount of backfat since a 
correlation coefficient of only 0.08 was detected between 
these same measurements. However, Batcher and Dawson (I960) 
reported correlation coefficients of 0.68 and 0.51 between 
backfat thickness and the fat content or marbling of the rib 
Longissimus dorsi and loin Longissimus dorsi, respectively. 
Murphy and Carlin (1961) reported a significant regression 
coefficient of 0.6 between marbling of the Longissimus dorsi 
and backfat thickness which agrees somewhat with Naumann et 
al. (1960). 
Larger correlation values appear to exist between carcass 
fat or fat content of an entire cut and backfat thickness. 
Gnaedinger et a2. (1963) reported a correlation coefficient of 
0.69 between carcass fat and backfat. This value corresponds 
with that found by Henry e_t aj_. (1963) using the loin, belly, 
ham or shoulder. That chemical analysis of the entire carcass 
may be the most accurate measure of leanness and fatness was 
postulated by Warner e_Ë âi' (1934). However, this procedure 
is nearly or completely prohibitive in expansive nutrition 
experiments where the amount of labor and equipment needed is 
vast. Also, although these measurements may be a more accurate 
measure of leanness and fatness, we may still be more interested 
in a specific muscle such as the Longissimus dorsi. 
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Obvious voids in the literature are correlations between 
rate of growth and the various carcass and body composition 
measurements. Perhaps this is a result of researchers finding 
negligible correlation coefficients between these factors and 
consequently not reporting them. 
Due to the variation in the estimated relationship 
between body composition, physical characteristics (palata-
bility factors), and simple carcass characteristics, the fol­
lowing tables are a composite of several reports giving the 
extreme ranges for a particular correlation value. The top 
value within a classification indicates the lowest value 
found, middle value the highest value found, and the bottom 
value a mean of all values reviewed. The presence of one 
value indicates only one literature citation was found: 
Correlations between simple carcass characteristics 
Lean cuts of carcass) vs. Dressing percent 0.36 
Lean cuts of carcass) vs. Carcass length -0.18 
0.57 
0.27 
Lean cuts {% of carcass) vs. Loin eye area 0.50 
0.78 
0.61 
Lean cuts {% of carcass) vs. Carcass backfat 
thickness 
-0.44 
-0.90 
-0.70 
Lean cuts of carcass) vs. Ham of carcass) 
Lean cuts of carcass) vs. Loin of carcass) 
0.76 
0.74 
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Lean cuts of carcass) vs. Primal cuts of 
carcass) 
0.71 
0.84 
0.78 
Ham and loin of 
carcass 
vs. Carcass backfat thick­
ness 
0
 o
 o
 
1 
1 
1 
Carcass backfat tblckness V:3 .  Loin eye area -0.18 
-0.54 
-0.33 
Correlations between body composition characteristics 
Carcass protein VS.  Carcass water 0.76 
Carcass ether extract VS.  Carcass water -0.98 
Carcass ether extract VS.  Carcass protein -0.85 
Ham ether extract 
Longissimus dorsi ether 
extract 
' v  3 .  
vs. 
Longissimus dorsi ether 
extract 
Longissimus dorsi water 
0.64 
-0.84 
Correlations between physical characteristics 
Taste panel tenderness VS.  Shear force -0.73 
-0.40 
-0.56 
Taste panel tenderness 
Taste panel tenderness 
vs. 
vs. 
Longissimus dorsi 
marbling 
Longissimus dorsi 
juiciness 
0.07 
0.46 
0.63 
0.54 
Taste panel tenderness VS.  Longissimus dorsi flavor 0.60 
Longissimus dorsi 
juiciness 
Longissimus dorsi 
marbling 
vs. 
VF.  
Longissimus dorsi 
marbling 
Firmness 
0.40 
0.51 
18 
Correlation coefficients between body composition, simple 
carcass and physical characteristics 
Pour lean cuts (# of vs. Ham ether extract -0 « 38 
carcass 
cuts Pour lean of vs. LonKlsslmus dorsi ether -0.37 
carcass extract 
Four lean cuts of vs. Carcass water -0.73 
carcass 
Four lean cuts (# of vs. Carcass ether extract -0.67 
carcass 
cuts Four lean of vs. Carcass protein 0.66 
carcass 0.72 
0.69 
Four lean cuts of vs. Ham and loin protein 0.78 
carcass 
Four lean cuts of vs. Marbling of LonKlssimus -0.18 
carcass dorsi 
Loin eye i area vs. Carcass ether extract -0.68 
-0.60 
-0.64 
Loin eye area vs. Carcass protein 0.60 
0.76 
0.68 
Loin eye area vs. Carcass water 0.54 
Loin eye area vs. Ham ether extract -0.66 
Loin eye area vs. Ham water 0.64 
Loin eye area vs. Ham protein 0.59 
Loin eye area vs. Ham and loin protein 0.70 
Loin eye area vs. Marbling of LonKlssimus 0.03 
dorsi 
0.48 Carcass backfat vs. Carcass ether extract 
0.69 
0.61 
Carcass backfat vs. Carcass protein —0.60 
-0.51 
-0.56 
Carcass backfat vs. Carcass water -0.45 
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Carcass backfat vs. Ham ether extract -0.02 
0.61 
0.44 
Carcass backfat vs. Ham water -0.69 
Carcass backfat vs. Ham protein -0.63 
Carcass backfat vs. Longissimus dorsl ether 
extract 
—0.06 
0.68 
0.32 
Carcass backfat vs. Longissimus dorsi 
marbling 
0.06 
0.52 
0.29 
Carcass backfat vs. Longissimus dorsi shear 
force 
-0.29 
0.47 
0.18 
Longissimus dorsl 
extract 
ether vs. Tenderness -0.03 
0.44 
0.27 
Longissimus dorsl 
extract 
ether vs. Flavor 0.23 
0.33 
0.31 
Longissimus dorsl 
extract 
ether vs. Shear force —0.48 
0.45 
-0.14 
Longissimus dorsl 
extract 
ether vs. Juiciness 0.00 
0.70 
0.33 
Longissimus dorsi 
extract 
ether vs. Marbling 0.67 
0.76 
0.72 
Shear force vs. Loin ether extract -0.19 
Shear force vs. Ham ether extract -0.40 
0.25 
0.01 
Marbling vs. Shear force 0.04 
0.63 
0.36 
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Growth Performance and Carcass Quality of Swine as 
Influenced by Protein Level and/or 
Lysine Supplementation 
We have seen earlier in this discussion (body composi­
tion section) that it is possible to demonstrate a protein 
effect upon body composition. Although perhaps more sensi­
tive, this trend also applied to growth performance and 
carcass characteristics. 
The University of Minnesota swine research workers (Grant 
et al.. 1958; Hanson ^  al., 1957; Salmela et , 1958 and 
Hanke et al., 1958) have reported the following results on 
ration protein level for growing-finishing pigs: 
Weanling pigs were used in an experiment in which the 
starting protein levels were 18, 15 and 13 percent and then 
reduced to 15, 12 and 10 percent when the pigs weighed 100 
pounds (Grant et , 1958). High protein levels produced 
greater gains, improved feed efficiency, less carcass backfat 
and small differences in dressing percent and lean cut per­
centage. 
Hanson et aJ.. (1957) fed protein level combinations of 
16-11, 14-11, and 12-12 with the first level fed up to 125 
pounds and the second value from 125 to 200 pounds. Use of 
these treatments failed to cause significant effects upon 
growth performance or carcass characteristics. 
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Salmela et (1958) used protein level combinations of 
18-15, 16-13, 15-15, 14-10, 13-13, and 10-10. Low levels of 
protein (l4-lo, 13-13, and 10-10) reduced rate of gain and 
feed efficiency and resulted in a trend of increased backfat 
thickness. High protein levels significantly increased the 
percent of lean cuts. 
Combination protein levels of 18-15, 15-12 and 13-10 were 
studied by Hanke et (1958). Either of the two higher 
protein level sequences resulted in improved pig performance 
over the lower protein sequence. Average daily gains were 
approximately 12 percent greater. Dietary protein level had 
no marked effect upon carcass quality. 
Initial protein levels of 18 and 14 percent and reduced 
to 15 and 11 percent at 125 pounds were fed to pigs in a study 
reported by Stevenson ^  (I960). The higher protein level 
significantly increased efficiency of feed conversion, carcass 
grade, yield of preferred cuts and reduced carcass backfat 
thickness. This latter citation agrees with that of Seymour 
(1962). Pigs were kept on experiment from 3 weeks of age to 
200 pounds live weight. Protein levels were (1) 20 and 16 
percent from 3 to 7 weeks (2) I7 and 13 percent from 7 weeks 
to 110 to 125 pounds and (3) l4 and 10 percent from 125 to 200 
pounds live weight. High protein levels resulted in faster 
gains, higher percentage of lean cuts, and less carcass back­
fat. High protein-fed pigs had improved feed conversion from 
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125 to 200 pounds live weight. 
Poster (i960) compared high levels of protein (20 percent 
reduced to 18 percent at 50 pounds and to 16 percent at 125 
pounds) with low levels of protein (l4 percent reduced to 12 
percent at 50 pounds and to 10 percent at 125 pounds). High 
protein diets exerted a highly significant effect on carcass 
quality as shown by decreased carcass backfat and a higher 
percentage of lean cuts. 
Wallace ^  (1963b) compared two levels of protein for 
weanling pigs up to 100 pounds (I7 and 13 percent) and from 
100 to 200 pounds these levels were reduced to 15 and 11 
percent. The high protein level resulted in more rapid gain, 
improved feed efficiency, reduced dressing percentage, less 
carcass backfat and larger loin eye areas. 
Protein levels of 18, 16 and l4 percent were fed up to 
125 pounds and then each reduced three percentage units in a 
report by Aunan et aJ. (196I). These protein levels did not 
cause significant differences in carcass quality or growth 
performance. These workers stated "the data support the thesis 
that the genotype of the animal fed is the important factor in 
carcass leanness and that initial protein levels for weanling 
pigs within the range of 14 to 18 percent have only minor 
effects on carcass quality." 
Beacom (1959a) fed protein levels of 19, 17, 15 and 13 
percent from weaning to 70 pounds, 15.5, 1^.5, 13.5 and 12 
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percent from 70 to 130 pounds and 13, 12.5, 12.0 and 11 per­
cent from 130 to 200 pounds live weight. Increased protein 
level significantly improved rate of gain but had no signifi­
cant effect on feed efficiency. The same station (Beacom, 
1959b) reported these protein levels had no effect upon length 
of carcass, carcass backfat thickness, dressing percentage, or 
percentage of ham but increased level of protein did signifi­
cantly increase loin eye area. 
Twelve and l4 percent protein levels were compared by 
Hudman and Peo (I960) and these workers reported no difference 
in average daily gain, feed conversion or carcass quality as 
a result of protein level fed. 
Abemathy et (1958) studied the effect of 18 and l4 
percent protein levels with or without 0.1 percent supple­
mental 1-lysine. Growth comparisons were made for two 42 day 
periods. During the first 42 day period pigs fed the 18 per­
cent protein rations gained faster than those receiving l4 
percent protein diets. During this period, supplemental lysine 
caused a highly significant depression in rate of gain. 
Neither protein level or lysine supplementation resulted in 
significant differences in the second 42 day or combined data. 
Acker (1959) indicated that a 12 percent protein 
diet supplemented with 0.1 percent 1-lysine resulted in 
improved rate of gain and feed efficiency when compared with 
a 12 percent protein diet without supplemental lysine. lysine 
24 
supplementation of a l4 percent ration exerted no consistent 
effect. This work is supported by that of Catron et al. 
(1955). 
Initial protein levels of 16, l4, and 12 percent with and 
without L-lysine (1 pound/ton of feed) were used in a study 
reported "by Nielson (i960). Protein levels were reduced 2 
percentage units as pigs reached 125 pounds body weight. A 
significant improvement was observed in rate of gain from 
lysine supplementation of "ttie 12-10 percent protein sequence 
diet. Little or no beneficial effect was obtained by adding 
lysine to the two diets higher in protein. 
The carcasses from the pigs receiving the diet lowest in 
protein had a thicker backfat and less percentage of lean cuts 
than carcasses from other groups. However, the carcasses of 
pigs receiving the same level of protein but with added lysine 
were almost equal to carcasses of pigs fed the higher protein 
levels. No appreciable differences in carcass characteristics 
were observed between pigs fed the higher levels of protein 
and lysine supplementation exerted no effect on carcass quality 
of pigs fed these bwo protein levels. 
A protein level of 14 percent appears to be necessary for 
satisfactory swine growth rate and carcass quality in a weight 
range from 4o to 125 pounds live weight. From 125 pounds to 
market weight a protein level of 12 percent appears to be the 
minimum level necessary to promote satisfactory performance. 
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Lysine supplementation is apparently beneficial irtien protein 
levels fall below these minimum values. In this context, 
beneficial refers both to growth performance and carcass 
quality. 
Growth Performance and Carcass Quality of Swine 
as Influenced by Early Growth Rate 
Since the initial experiments of Hilditch âi* (1939) 
and McMeekan (1940a, ig^Ob, 1940c), interest has been displayed 
in the area of relationships between early growth rate and 
subsequent growth and carcass characteristics. This has been 
particularly true at British research stations (Eowett 
Institute and Leeds University). 
The work by both Hilditch et and McMeekan has been 
discussed previously and will not be re-discussed here. There 
are however, pertinent data that were not previously applica­
ble but which are necessary for a complete understanding of 
this section. 
McMeekan used qualitatively Identical rations and treat­
ment differences consisted solely of differences in growth 
curves. Control of the shape of the curve was secured by 
quantitative control of the plane of nutrition starting from 
birth. Noteworthy here is the fact that the average live 
weight at 16 weeks of age was 113 pounds for the high plane 
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fed animals and 57 pounds for the low plane animals. The 
high-high plane pigs reached 200 pounds live weight at an 
average age of 165 days -while the low-low pigs were controlled 
to reach 200 pounds in 327 days. The high-low and low-high 
pigs were fed to reach 200 pounds on the same day for "vdiich 
the average age was 211 days. The high plane fed pigs from 
the study by Hilditch et averaged 126 pounds at 16 weeks 
of age and the low plane pigs averaged 34 pounds. 
These results indicate severe restrictions were imposed 
and this has, in more recent years, been an argument against 
the conclusions formed by these workers i.e. that rapid early 
growth rate and slowed growth rate later in life results in a 
more desirable carcass than the reverse. 
Smith and Lucas (1957) reported on the influence of 
protein supply during two stages of growth on the performance 
of pigs from 9 pounds to 200 pounds live weight. Pigs were 
weaned at 9 pounds, fed a 29 percent protein ration to 25 
pounds, 27, 24, 21 and 18 percent protein levels from 25 to 
50 pounds, 17.1 percent vegetable protein and 14.8 percent 
vegetable plus animal protein diets from 51 to 100 pounds, and 
a 13.7 percent vegetable protein diet from 100 to 200 pounds 
live weight. 
Level of protein during stage two did not affect per­
formance at any subsequent stage, neither did it affect car­
cass quality. During this stage there was no advantage from 
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raising the protein level above 18 percent. Treatments 
imposed in stage three also did not affect either growth 
performance from 100 to 200 pounds or carcass quality. 
Although treatment differences were not extreme, performance 
differences did exist within a stage. Due to the much less 
extreme conditions as compared to McMeekan's work, these two 
reports cannot justifiably be compared. 
Lucas ^  al. (1959) reported on experiments conducted to 
compare subsequent performance and carcass quality of (1) 
early weaned pigs and sow reared pigs both of which grew 
rapidly to 50 pounds, and (2) early weaned pigs kept to 3 
different growth curves to 50 pounds live weight by varying 
feed intake. 
Significant differences upon 50 to 200 pound growth per­
formances and carcass quality were not noted between sow 
reared pigs and early weaned restricted treatments, although 
differences did exist between sow reared and early weaned pigs 
fed ^  libitum to 50 pounds of body weight. Early weaned pigs 
fed libitum up to 50 pounds grew 7 to 8 percent slower and 
had 7 to 9 percent poorer feed conversion than sow reared pigs 
from 50 to 205 pounds live weight. This group of early weaned 
pigs also produced poorer quality carcasses i.e. more fat and 
smaller loin eye areas. 
Compared to early weaning with ^  libitum feeding to 50 
pounds, the effects of restricting growth rates up to 30 and 
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50 pounds were to improve rates of gain from 51 to 205 pounds 
by 4 and 7 percent, respectively, and to Improve feed conver­
sion 3 and 5 percent. Carcasses from both restricted treat­
ments had less fat and larger loin eye areas. 
These data do not support McMeekan's observation of the 
low-high type of growth curve producing fatter carcasses. 
Although, again it may be of importance that differences in 
growth curves were not as severe as those produced by McMeekan. 
Further observations on plane of feeding upon subsequent 
performance was published by Lucas (I960). This report 
encompassed 3 experiments where the experimental treatments in 
experiments 1 and 2 were (1) very high (VH-VH) (2) high (H-H) 
and (3) low (L-L) planes of feeding from 8 weeks of age to 200 
pounds live weight. Plane of feeding referred to the amount 
of TDN fed per day to a pig of a given weight. In experiment 
3, pigs from 8 weeks of age to 100 pounds live weight were on 
a very high plane of feeding (VH). From then (100 pounds) to 
200 pounds the following were compared: (1) very high plane 
(VH) (2) increasingly restricted plane (R) and (3) low plane 
(I). 
Analysis of subsequent performance data in experiments 1 
and 2 indicated that a reduction in plane of feeding had no 
significant effect upon length, significantly increased dress­
ing percentage and loin eye area, and caused decreases in all 
measurements of fat thickness. In comparison with pigs kept 
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at the VH-VH plane, pigs kept at the other two planes grew 13 
and 22 percent more slowly in experiment 1, and 11 and 26 
percent more slowly in experiment 2. Plane of feeding had no 
effect upon efficiency of feed conversion. 
Compared with pigs fed at the VH-VII plane those kept at 
the VH-R and VH-L planes grew 18 and 36 percent more slowly, 
respectively, in experiment 3. With respect to feed effi­
ciency VH-VH and VH-R did not differ but the VH-L plane was 
poorer by 4 to 5 percent. No significant effects were observed 
on dressing percentage but the 2 lower planes caused reductions 
in backfat thickness and increased the percentage of ham. 
Lucas et (I96O) prepared the following summary based 
on data from 9 experiments conducted at the Rowett Institute. 
The summary gives the probable average effects of keeping bacon 
pigs to various planes of feeding based on the 9 experiments. 
The values indicated are the increases for a measurement: 
Planes of Delay in Lb. food/lb. Killing Area Ham 
feeding, each reaching live weight weight muscle 
compared with 
a VH-VH® plane 
bacon wt. 
(days) 
increase (^) (cm.2) 
VH-R 13 0 1.0 1.5 0.7 
H-H 15 0 1.0 1.5 ? 
VH-L 30 4 1.0 1.0 1.5 
L-L 45 4 1.0 2.0 1.7 
VL-VL 65 ? 1.0 6.0 ? 
&Treatment symbolism is that as used in the text e.g. 
VH-VH Indicates very high plane of feeding during the growing 
stage (up to 100 lb.) and very high plane during the finish­
ing state (100 to 200 lb.). 
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Boaz and Blsley (1962) reported the results of two 
experiments in which the objectives were to study the growth 
and carcass quality,of bacon pigs reared to different weights 
at 56 days of age. In experiment 1, comparisons were made 
between 56 day old pigs initially weighing 31.0 and 45.3 
pounds. Zxperimant 2 made comparisons between early weaned 
and suckled pigs. Both early weaned and sow reared pigs were 
fed to follow 3 growth curves i.e. 30, 40, and 50 pounds at 
56 days of age. Growth was controlled by adjusting level of 
feeding. 
Conclusion of experiment 1 indicated that between 50 and 
200 pounds live weight there was no difference in live-weight 
gain or efficiency of feed conversion. On the average the 
lighter weight pigs had fatter carcasses but differences were 
not statistically significant. The authors noted that perhaps 
a greater range in weaning weight would have greater effects 
on subsequent growth and carcass quality. 
A comparison of the average of the three early weaning 
groups with the average of the three sow reared groups did not 
reveal any significant differences. This is a contradiction 
to Lucas et al. (1959) who observed poorer gains, feed utili­
zation and carcass quality in the 50 pound early weaned pigs. 
Boaz and Blsley (1962) indicated that Lucas jet a2. (1959) used 
a much higher plane of nutrition from 50 to 200 pounds which 
may explain the differences between the two reports. 
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Efficiency of feed conversion and carcass quality were 
different between the early weaned groups. Increased weight 
at 56 days of age was associated with slightly slower growth, 
reduced feed efficiency from 50 to 200 pounds and fatter 
carcasses. These results were supported by Lucas et 
(1959). However, for the suckled pigs, range in weight of 30 
to 50 pounds at 56 days of age had no major effect on effi­
ciency of growth to 200 pounds or on quality of carcass. 
The most obvious conclusion concerning early growth 
restriction is the increased age at market weight. 
The effect of early growth restriction upon subsequent 
growth and carcass quality is unquestionably dependent upon 
length and degree of restriction. If neither are severe, the 
pig has much ability to recover and result in little or no 
difference in the end product. 
The greater percentage of literature would indicate that 
restricted early growth is more related to improved carcasses 
than is maximum early growth which is contradictory to the 
thinking of many purebred and commercial swine producers. 
Growth Performance and Carcass Quality of Swine 
as Influenced by Environmental Temperature 
As environmental temperature declines less energy is used 
for fat depots and more is utilized to maintain body tempera­
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ture. Thus one could hypothesize that a decrease in tempera­
ture concomitantly results in leaner carcasses. However, 
research findings indicate the pig is able to cope with rather 
wide ranges in environmental temperature before any effect is 
noticed on growth performance or carcass quality. 
Heitman _et (1958) reported that daily gain was maxi­
mum at 6l*P. for 350 pound hogs and at 73.5°P. for 100 pound 
pigs. This agrees somewhat with Ivos and Asa] (1959) who 
suggested that the environmental temperature for finishing 
pigs should not fall below 7*0. 
Pigs in a thermostatically controlled temperature of 60 
to 64®p. grew the fastest but had the least desirable car­
casses in a study reported by MacKay et al. (I960). During 
the winter experimental period, the performance of pigs raised 
in open-front colony houses was compared with pigs raised in 
closed-front colony houses. Pigs in open-front colony housing 
gained less and had slightly improved carcasses. 
In 1961, the same experiment station indicated that 
market pigs raised in heated facilities at 66 to 67*F. per­
formed superior to those housed in unheated colony houses. 
However, the differences in rate of gain, efficiency of feed 
utilization and carcass quality did not differ markedly be­
tween the two treatments (Bowland et , I96I). 
In a series of 3 experiments, 324 pigs were used to 
investigate the effect of air temperature on growth rate and 
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feed efficiency from 12 to 200 pounds live weight (Mangold 
al.. I960), Young weaned pigs responded equally well at 
temperatures from 45 to 90*P. For heavier pigs (50 pounds to 
market weight) the pigs housed at 30®P. gained significantly 
less per day and required significantly more feed per pound 
of gain than did those housed at 60®?. Pigs of this weight 
category and housed at 95®F. gained significantly less per day 
and required slightly less feed par pound of gain than those 
reared at 60®?. 
The same research station (Seymour, 1962) reported the 
results of two experiments where no statistically significant 
differences were found in carcass quality from temperature 
treatments varying from 45 to 90®?. Pigs raised at 60®?. 
gained faster than those at 90®?. but little difference was 
expressed between those reared at 45 and 60®?. Protein level 
was studied concomitantly with temperature in this research 
project with the results indicating no significant interac­
tions between protein and temperature with respect to carcass 
quality and rate of gain. 
The optimum temperature for growth performance of growing-
finishing pigs is probably in the range of 45 to 65®?. Tem­
perature-carcass quality relationships appear less certain 
other than to say that warm temperatures (90®?. and above) 
result in fatter carcasses and cold temperatures (30®?. and 
below) result in leaner carcasses. 
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Growth Performance and Carcass Quality of Growlng-
Pinishing Swine as Influenced by Wiey in the Diet 
Por the older pig (beyond 8 weeks of age) to efficiently 
utilize quantities of whey in the diet seems quite unlikely 
in view of results published by Bailey _et al. (1956). These 
workers indicated that the lactase activity of the pig reaches 
a peak at about 2 weeks of age and then decreases sharply up 
to 7 weeks. 
Becker et (1957) described 2 experiments which were 
conducted to study the effect of dried whey levels in diets 
of growing-finishing pigs; (1) dried whey levels of 0, 5, 10, 
20, 4o and 60 percent were fed in semi-purified diets (soybean 
meal plus DL-methionine) with pigs averaging 85.8 pounds 
initially and (2) dried \^ey levels of 0, 10,-20 and 30 per­
cent fed in practical diets (corn-soybean meal) with pigs 
averaging 4o pounds initially. 
These data provided indications that the response from 
whey levels may depend upon the type of basal diet used i.e. 
practical or semi-purified. With the finishing pigs (84 to 
200 pounds) fed a semi-synthetic diet, all levels of whey 
except 60 percent produced satisfactory response. %th 
weanling pigs, incorporation of 20 or 30 percent dried whey 
into the corn-soybean meal diet produced a marked decrease in 
rate of gain, in feid intake and a moderate diarrhea. Por the 
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finishing pigs, a level of 60 percent dried whey was needed to 
produce similar effects although there was some evidence of 
diarrhea at the 4o percent level. It appears that this dis­
crepancy could be explained on the basis of diet fed excluding 
dried i^ey. For example, Daniel and Harvey (19^7) reported 
that feeding of whey ash to rats depressed their growth. This 
may indicate an implication that the inorganic fraction of 
dried whey is a growth-retarding factor. Certainly semi-
purified diets would have a mineral composition different from 
that of practical diets in which com and soybean meal are the 
principal ingredients. 
This same experimental station, Becker and Terrill (1954), 
reported that the 16 week-old pig was able to tolerate 25 per­
cent lactose in the diet without harmful effects. At a level 
of 50 percent the pigs exhibited depressed feed intake, slow 
growth and diarrhea. 
Observation of depression of gains and feed intake has 
also been reported by Krider et (19^9)• These workers 
reported that 4 or 8 percent of a dried whey product produced 
some depression in gain and feed intake of weanling pigs. The 
diet was composed largely of com and soybean meal. 
Lambert^ stated the results of a study wherein pigs were 
^Lambert, M. R. 1964. Soybean meal protein versus whey 
protein (Lactalbumin) for growing-finishing swine. Private 
communication. 
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divided into two lots. Both lots received a ration containing 
15.2 percent protein. The animals in lot one received 
vegetable protein (soybean meal), whereas those in lot two 
were fed an equivalent amount of lactalbumin (whey protein). 
The animais receiving the whey protein made greater gains and 
had significantly leaner carcasses than the vegetable protein 
fed pigs. This indicates that the protein segment of whey is 
efficiently utilized. 
Braude ^  (1957) reported on the effect of liquid 
whey in the diet of weanling pigs fed to a market weight. 
Both growth performance and carcass quality were satisfactory 
on whey diets when compared to the control animals. 
Perhaps this indicates response variability due to type 
of whey product fed. Daniel and Harvey (19^7) indicated that 
dialysis of whey produced a product ^diich was higher in 
nutritive value for rats. Becker £t al. (1957) indicated that 
roller-dried whey was a superior product compared to spray-
dried whey. However, this contradicts earlier work by Riggs 
et (1955). 
The usefulness of dried whey in the diet for growing-
finishing pigs is quite uncertain from literature published to 
date. There are uncertainties with respect to the usefulness 
of whey in the diet percentage wise and also with respect to 
the type of other diet components to be fed along with the 
whey. One wonders about the validity of the results of Bailey 
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et (1956) in view of the reviewed literature. Perhaps 
this doubt could be removed if it were known whether or not 
tissue levels of lactase can be directly associated with the 
pigs ability to utilize lactose. 
Growth Performance and Carcass Quality of Swine as 
Influenced by Androgen and/or Estrogen Administration 
Since androgens result in increased nitrogen retention 
in short time studies they could be expected to increase 
protein deposition and thus more red meat. Usage of the 
estrogen diethylstilbestrol has been highly successful in beef 
cattle feeding resulting in a marked growth stimulation. 
Administration of androgens and estrogens has thus created 
interest in swine feeding trials. Routes used for entry into 
the animal body have been via implantations and supplementa­
tions in the diet. 
Implanted testosterone failed to improve growth perform­
ance in studies reported by Woehling e_t aJ., 1951, and Bratzler 
et al,, 1954, Carcass quality was also unaffected by these 
implants. Woehling et (1951) subcutaneously implanted 15 
milligram pellets at the beginning of the experiment and again 
12 weeks later whereas Bratzler ejt (1954) used one 193 
milligram muscular tissue implant. 
Although oral administration of androgen seems to produce 
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variable responses, there are indications this route is more 
effective than implants. Whiteker et (1959) found that 
pigs fed 20 milligrams daily of methyltestosterone produced 
significantly more lean meat, however the androgen methyl-
androstenediol at levels of 10 or 20 milligrams per pig daily 
failed to produce any significant effects. This testosterone 
effect on improved carcass quality is also supported by Beeson 
et al. (1955) who also fed a level of 20 milligrams per pig 
daily. Hale _et (i960) Indicated this same level of oral 
testosterone produced less backfat but did not affect loin eye 
area. However, Thrasher et (1959) indicated that 5.0 
milligrams of testosterone per pound of ration had no signifi­
cant effect upon either growth rate or carcass leanness. 
Mente (1963) described data where supplementary levels of 
an androgen, Halotestin, ranging from 0.0 to 12.5 milligrams 
per pound of diet caused depressed growth with increasing 
androgen levels. Percentage of lean meat did increase and 
backfat thickness decreased with the addition of this androgen. 
The beneficial use of stilbestrol in beef rations has not 
been paralleled by its usage in swine rations (Beeson ^  , 
1955 and Hale £t al., I960). The level of hormone used in 
these trials was 2 milligrams per animal dally. Thrasher 
al. (1959) also tried combinations of testosterone and 
stilbestrol with no significant effects noted. 
Implantations of androgen appears to have little or no 
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effect on either growth performance or carcass quality. 
Supplementation of androgen has variable effects upon growth 
rate but does appear to result in leaner carcasses with a 
greater percentage of the carcass represented by lean cuts. 
Administration of estrogens appears to cause no effect 
upon swine growth performance or carcass quality. 
Measurement of Growth Rate 
Most rate of gain measurements are on the basis of live-
weight gain expressed as average dally or total gain. This 
measurement includes intestinal contents as well as other 
offal which should not be considered as real gain. The car­
cass is the economic end product and should be the measurement 
considered with respect to rate of gain. This could be 
extended further to consider rate of lean meat gain e.g. 
average daily ham or lean cuts gain. Rate of carcass gain 
takes into account both rate of gain and dressing percentage 
while rate of ham gain considers both of these factors plus 
rate of lean meat deposition. 
It is not possible for all research workers to obtain 
measurements on a carcass breakdown basis but carcass weight 
is available to most all who are desirous of such. 
Variation exists in holding capacity of the gastro­
intestinal tract between pigs both within and between treat-
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meats. Likewise, experimental treatments and environmental 
conditions can cause variation in gastro-intestinal fill e.g. 
high fiber diet vs. concentrated diet, spans of time while 
weighing pigs allowing some pigs to fill and others not, 
weighing at different times of the day between weigh periods, 
and occasional illness of individual animals. 
Literature is not available on the value of using shrunk 
weights with swine, however, the value of this procedure has 
been demonstrated in beef cattle feeding experiments (Whiteman 
et al., 1954 and Koch e_t , 1958). This technique at least 
helps to reduce variation due to fill. 
Meyer ^  al. (i960) reported results studying this 
problem with beef cattle. Carcass weight had generally lower 
coefficients of variation than final weight but these authors 
considered the most important finding to be the greatly 
reduced error mean square and consequent larger "P" ratios 
for hypothesis testing. Weight gains were adjusted to a 
common initial weight by covariance methods and these authors 
stated that the use of carcass weight materially increased the 
efficiency of the analysis of covariance. 
The conclusions of these authors regarding the use of 
carcass weight vs. final weight were; (1) variation due to 
reticulo-rumen fill-was reduced and the statistical analysis 
was more precise and efficient (2) one criterion, carcass 
weight, could be considered instead of two statistics, weight 
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and dressing percent and (3) the carcass is the main economic 
end product and would thus receive the most attention. 
Beef cattle obviously have more possibility for greater 
gastro-intestinal variation than do swine however, compara­
tively speaking, beef cattle are also subject to values of 
larger magnitude for other sources of variation e.g. genetic 
control is often difficult or impossible. Thus, although the 
amount of variation is less total wise, it may be just as 
great vhen expressed as a percentage of the experimental 
error. If this is correct, it is just as important to remove 
this source of variation (gastro-intestinal) in swine as in 
beef cattle. 
Use of a standardized procedure such as carcass rate of 
gain would certainly make results more comparable between 
experimental stations both within and between countries. Use 
of such a standardized procedure perhaps is more important 
than possible gain of precision. 
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EXPERIMENTAL 
These experiments were conducted to study the effect of 
nutritional factors or nutritional programs upon growth per­
formance, carcass characteristics, body composition, relation­
ships between these variables, and rate of gain responses 
other than live-weight gain. Nutritional programs and factors 
studied were (1) dietary protein levels + lysine supplementa­
tion for growing-finishing pigs (2) temperature-protein rela­
tionships (3) levels of dietary dried skim milk for baby pigs 
and subsequent performance (4) life cycle protein level and 
protein quality (5) levels of dietary whey for growing-
finishing pigs and (6) combination of an androgen and estrogen 
in rations of growing-finishing pigs. 
In this thesis, body composition will be estimated by any 
or all of the following measurements; (1) nitrogen content of 
the Longissimus dorsl muscle (2) fat content of the 
Longissimus dorsi or Serratus ventralls muscles and (3) 
moisture content of the Longissimus dorsi muscle. 
General Experimental Methods 
The data from the experiments reported herein are on file 
in the Swine Nutrition Section of the Animal Science Depart­
ment, Iowa State University, Ames, Iowa. The experimental 
43 
data reported herein are under Swine Nutrition Experiments 
1065, 1077, 1106, 1150, 1142, 1156, 1163, 1164, 6303, 6316, 
6321, and 6330. All experiments were conducted at the Swine 
Nutrition Research Farm. Average daily gain, feed efficiency, 
carcass characteristics, and body composition data have been 
reported earlier for experiments 1065, 1077, 1106 (Clark, 
1962) and 1164 (Mente, 1963) and as a result will not be 
presented in this thesis. 
Certain management and experimental practices were 
common to all experiments and these will be discussed at this 
point to avoid unnecessary repetition in the discussion of 
each individual experiment. 
All of the pigs used in these experiments were obtained 
from the Swine Nutrition Research Farm breeding herd. Nearly 
all animals were of crossbred breeding consisting of the 
Poland China, Yorkshire and Landrace breeds. Within 24 hours 
after birth, needle teeth were clipped, each pig was individ­
ually weighed and ear notched and given an iron treatment for 
the prevention of anemia. Male pigs were castrated at 5 to 7 
days of age. Pigs were weaned between 2 and 4 weeks of age 
and at approximately 7 weeks of age received injections of 
Erysipelas bacterin and modified hog cholera virus plus anti­
serum. 
Animals that died during the experimental periods, or 
were removed because of illness, were taken to the Iowa State 
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University Veterinary Diagnostic Laboratory for examination. 
Where appropriate, the gain for the remaining pigs in the pen 
was used in calculating average dally gain for that pen. The 
feed per pound of gain was adjusted by subtracting the calcu­
lated feed consumed from the total feed consumed to date. In 
the adjustment, the assumption was made that the feed effi­
ciency for the pig removed was the same as for the other pigs 
in the pen. 
The pigs had free access to feed and automatic water 
fountains. Ration composition, experimental environment and 
method of allotment will be described for each experiment. 
An average initial pig weight and age for each experiment is 
given in Appendix Table 30. 
Pigs were removed from experiment at approximately 150 
or 200 pounds of live weight in Experiments 1065 and 1077 and 
at approximately 200 pounds in all other experiments, 
tattooed and sent to the George A. Hormel and Company packing 
plant. Port Dodge, Iowa, 'vrtiere carcass data and tissue samples 
were collected. Slaughter took place the following day after 
which carcasses were chilled for 24 hours at a temperature of 
approximately 36®P. Warm carcass weights were obtained just 
prior to entering the cooler and chilled carcass weights just 
prior to cutting. 
Carcass backfat was the average of 3 measurements taken 
at the first rib, last rib and last lumbar vertebra, measured 
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to the nearest five-hundredths of an inch. This measurement 
was corrected to a 200-pound live weight basis (or 150 pounds 
for the pigs in Experiment 1065 and 1077 which were 
slaughtered at approximately that weight) using correction 
factors suggested by Durham and Zeller (1955). This approach 
appears appropriate in view of the relatively small variation 
in final weights. 
The percent of lean cuts was determined by dividing the 
sum of the weights of the trimmed hams, loins, picnics and 
Boston butts by the chilled carcass weight and multiplying by 
one-hundred. Percent of ham and loin was obtained accordingly. 
Daily carcass gain was obtained by dividing the chilled 
carcass weight minus the initial weight by the number of days 
on experiment and daily ham gain by dividing the combined ham 
weights by the number of days on experiment. ?or obtaining 
carcass gains, this procedure assumes a constant percent car­
cass of live weight at the initiation of an experiment. This 
assumption would cause little error if pigs were small at the 
beginning of an experiment, however, "fill" could cause con­
siderably more error for larger animals which are used for 
growing-finishing experiments. It is for this reason, that a 
recommendation is made to start pigs at an early age and to 
shrink pigs before taking initial weights in order to at least 
partially remove this so called "fill factor." The amount of 
difference in weight of intestinal organs between animals is 
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impossible to measure and we would assume variation due to 
this source to be randomly spread over all treatments. The 
potential for error is more serious for ham gain than for 
carcass gain since the procedure assumes equal initial ham 
weights. However, if pigs were started at a light weight 
(e.g. 10 pounds), the amount of potential error would be small. 
Tissue samples were taken from the Serratus ventralis 
muscle for Experiment 1077 and from the tenth rib area of the 
Longissimus dorsi muscle for the other experiments. These 
samples were oven dried at 100*0, and ether extractable con­
tent determined according to the methods described in the 
A.O.A.O. (i960). Standard micro-Kjeldahl procedures were used 
for the nitrogen determinations. 
Standard Warner-Bratzler shear and standard Planimeter 
procedures were used for determining shear force and loin eye 
area, respectively. Collected data were statistically 
analyzed by methods described by Snedecor (1956). 
The next section of this thesis (experimental objective, 
procedure and results and discussion) will be divided into 3 
sections: (1) methods of measuring rate of gain response 
(2) growth performance, carcass characteristics and body 
composition as Influenced by the nutritional factors and/or 
programs studied and (3) correlations between the criteria 
given in 2. 
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Methods of measuring rate of gain response 
Objective The purpose of this thesis segment was to 
evaluate the following rate of gain measurements: (1) daily 
live-weight gain (2) daily carcass gain and (3) daily ham 
gain. 
Procedure Data involving a total of 813 pigs from 8 
experiments were used to evaluate dally carcass gain versus 
daily live-weight gain as a rate of gain measurement (Experi­
ments 1065, 1077, 1106, 1130, 1142, 1156, 6321 and 6330). The 
use of daily ham gain as a rate of gain criterion was evalu­
ated using data from Experiments 6321 and 6330 involving a 
total of 120 pigs. 
Summaries of daily ham gain for Experiments 6321 and 6330 
are given in Appendix Tables 73 and 86, respectively. Summa­
ries of daily carcass gain for Experiments 1065, 1077 and 1106 
are given in Appendix Tables 106, 108 and 110, respectively. 
Summaries of daily live-weight and carcass gain are given in 
Appendix Tables 45 and 46; 95; 61; 70 and 71; 84 and 85 for 
Experiments 1130, 1142, 1156, 6321 and 6330, respectively. 
Analysis of variance, observed mean squares and treatment "F" 
ratios of rate of gain measurements are given in Appendix 
Tables 107, 119, 111, 55, 99, 65, 78 and 92 for Experiments . 
1065, 1077, 1106, 1130, 1142, 1156, 6321 and 6330, respec­
tively. Text Table 2 gives a summary of coefficients of 
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variation and treatment "P" ratios for daily live-weight and 
carcass gain for each experiment. Text Table 3 combines all 
8 experiments to give the summed treatment "F" ratios, coeffi­
cients of variation and number of significant differences. 
For daily live-weight versus daily carcass gain, evalua­
tions were made on the basis of magnitude of the coefficients 
of variation, magnitude of the "P" ratios and number of 
statistically significant differences. Magnitude of the "F" 
ratios, number of statistically significant differences and 
correlation with the percent ham and loin were used to evalu­
ate daily ham gain. 
It was thought that daily ham gain could be a measurement 
of not only rate of gain but also of meatiness or rate of lean 
meat deposition. This measurement does not necessarily fit 
into the same category as daily live-weight or carcass gain 
and therefore direct comparisons were not made as was done 
for daily live-weight versus daily carcass gain. If daily ham 
gain is an indicator of the same differences as rate of car­
cass gain and percent ham and loin, and if these variables 
were highly correlated, this would indicate that daily ham 
gain could be used in a single analysis i.e. instead of 
analyzing for both percent ham and loin and gain. As dis­
cussed previously, an argument against this method is the lack 
of measurement for the initial ham weight. If pigs are started 
on experiment at two weeks of age this would be a minor con-
Table 2. Summary of coefficients of variation and treatment "F" ratios for daily 
live-weight (DLWS) and daily carcass gain (DOG) by experiment 
"F" ratios 
Experiment Experiment Experiment Experiment 
1065 1077 1106 1130 
DLWÎ DOG DLWÎ DOG DLWJ DOG DLW DOG 
Treatment 3. 19 7. 71 6.95 11.72 1.85 25. 69 
Linear — - - -
Quadratic - - - -
Protein 6. 16 14. 97 7.27 9.15 1.18 16. 06 20. 76 5.06 
Linear 13. 29 29. 92 8.45 14.48 - -
Quadratic 6.10 3.83 - -
Protein x energy • 72 72 .89 .30 .14 2. 22 -
Protein x lysine - - - -
Protein x Halotestin - - - -
Energy 1. 16 7. 17 18.34 39.67 16.44 240. 63 — 
Temperature - - - 2. 92 3.17 
Lysine - - - -
Halotestin - - - -
Sex 8. 15 13. 52 .21 1.63 - -
Weight 18. 4o 160. 40 6.16 25.22 - — 
% increase (+) or 
decrease (-) in "P" 
ratios of DOG vs. DLWG +354 .5 +95 ,.0 +1297.7 -183.2 
Ooefficient of varia­ 9. 9 9. 8 8.0 8.9 14.0 5. 9 8. 0 7.9 
tion 7. 3 8.5 
% increase (+) or 
decrease (-) in C.V. of 
DOG vs. DLWG -1 .6 + 1 .1 138.1 +7.1 
Table 2 (Continued) 
"F" ratios 
Experiment Experiment Experiment Experiment 
1142 1156 6321 6330 
DLW5 DCG DLWG DOG DLWG DOG DLW DCG 
Treatment 2.89 5.65 . 94 1.43 . 46 . 73 1.79 1.85 
Linear - - .11 2.09 
Quadratic - - .94 .33 -
Protein — — — — — — — — 
linear — — — — - — — — 
Quadratic - - - - - - » 
Protein x energy - - - - - - -
Protein x lysine - - - - - - -
Protein x Halotestin - - - - - - -
Energy — — — — — — — — 
Temperature - _ - - - -
Lysine — — - — — — — — 
Halotestin — — — — — — — — 
Sex — — — — — — — — 
Weight - - - - - -
% increase (+) or 
decrease (-) in "P" 
ratios of DCG vs. DLWj +95.3 +69.9 +67.3 +1.0 
Coefficient of varia- 5.8 5.7 6.7 6.2 9.0 8.1 9.4 9.2 
tlon 
% increase (+) or 
decrease (-) in C.V. 
of DOG vs. DLWG -1.8 -7.1 -10.1 -2.6 
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Table 3. Summary of number of statistically significant 
effects, "F" ratios and coefficients of variation 
for daily carcass versus daily live-weight gain 
(8 experiments combined) 
DLW& DOG 
Number of statistically significant treatment effects 
(P < .05) 
14 18 
Number of statistically significant treatment effects 
(P < .01) 
9 13 
Number of statistically significant treatment effects 
(P < .005) 
7 12 
Summed treatment "F" ratios^ 
199 702 
Summed coefficients of variation^ 
78.0 70.1 
^Average increase of DOG treatment "F" ratios compared 
to DLWS is 253 percent. 
^Average decrease of DOG coefficients of variation 
compared to DLTO is 11.2 percent. 
sideration as would likewise be true for determining carcass 
gain. Pigs used to evaluate rate of ham gain weighed approxi­
mately 10 pounds at the initiation of the trials. For 
evaluating rate of carcass gain, pigs ranged from apprcx.*.-
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mately 10 to 4o pounds at the initiation of the trials. 
Initial weights for all trials are given in Appendix Table 30. 
Results and discussion Both the "P" ratios and 
coefficients of variation indicate that the use of rate of 
carcass gain is preferable to using rate of live-weight gain. 
This is as one would expect, since it eliminates or reduces 
the variability due to "fill." The use of carcass weights 
should be particularly effective in reducing variation if the 
animals are started on test at a light weight, since the error 
in initial weight associated with "fill" would be relatively 
small and also since a constant percent carcass of live weight 
is assumed. Analysis of daily carcass gain resulted in 4 
(P < .05), 4 (P < ..01) and 5 (P < .005) more significant dif­
ferences than did daily live-weight gain. The summed daily 
carcass gain "F" ratios were increased an average of 255 per­
cent compared to daily live-weight gain and summed coeffi­
cients of variation were decreased an average of 11.2 percent. 
The increase in size and number of significant "P" ratios 
appears great in view of the apparently small differences in 
coefficients of variation suggesting that the treatments 
imposed affected "fill." A simple explanation of how treat­
ment sums of squares are arrived at will clarify this point. 
2 2 
Treatment sums of squares = K(t^ + •'• + t^) where K = number 
2 
of observations per treatment, t^^ = (average of the t^^ treat-
2 2 
ment minus the overall average) , and t^ = (average of the 
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treatment minus the overall average)^. Thus, treatment 
stuns of squares can be increased by increasing the difference 
between the treatment mean and the overall mean i.e. increas­
ing differences between treatments. 
Anything increasing the size of the treatment sums of 
squares would result in the possibility of an increased number 
of statistically significant differences. Considering live-
weight gain measurements, it appears that some treatments 
affect the amount of fill and this results in treatment 
averages being alike between treatment comparisons. This 
concomitantly results in a decreased number of statistically 
significant differences. For one experiment, Experiment 1130, 
the reverse appears to be true. 
An example of how "fill" could influence live-weight gain 
measurements could be in the comparison of a high fiber diet 
(a diet to slow rate of growth) with a high concentrate diet 
(a diet to speed rate of growth). Pigs fed the high fiber 
diet would have more "fill" and thus perhaps result in treat­
ment live-weight gain averages being nearly alike between 
these two treatment comparisons whereas this "fill" factor 
would be removed if carcass weights were used. From the data 
studied herein it appears that low energy diets increased 
"fill", light weight pigs had more "fill" (percentage wise) 
and increased protein increased "fill." 
A discrepancy still exists from the "fill factor" in the 
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initial weights. This could be at least partially eliminated 
by fasting the animals for a period of time before measuring 
the initial weights. Also, if carcass weights are not availa­
ble, it would appear to be advantageous to fast animals before 
taking final live weights. 
Considering daily ham gain, summed "P" ratios for Experi­
ment 6321 were 7.21, 12.06 and 10.35 for daily live-weight, 
carcass and ham gain, respectively; and for Experiment 6330 
they were 28.82, 29.11 and 43.03 for daily live-weight, car­
cass and ham gain, respectively. Thus, summed ham gain "F" 
ratios were largest in Experiment 6330 and intermediate 
between daily live-weight and carcass gain in Experiment 6321. 
With respect to statistically significant differences (P < 
.05), 3 were observed for daily ham gain, 2 for daily carcass 
gain and 2 for daily live-weight gain. 
Correlations between daily ham gain and — daily carcass 
gain, daily live-weight gain and percent ham and loin are 
presented in the following summary: 
Daily ham gain and — 
Percent 
ham and 
loin 
Daily 
live-weight 
gain 
carcass 
gain 
Daily 
Experiment 6321 
Experiment 6330 
0.20 
-0.18 
0 .81  
0.94 
0.98 
0 .88  
These data would suggest that daily ham gain is a good 
indicator of rate of gain but a poor indicator of percent of 
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lean meat. Daily ham gain as an indicator of growth rate 
would be criticized for two reasons: (1) more time, labor and 
equipment involved in obtaining this measurement and (2) any 
rate of gain measurement not having a nearly perfect and 
positive correlation with daily carcass gain would be a poorer 
indicator of gain in this context where rate of carcass gain 
is considered to be the most satisfactory measure of this 
response. 
Growth performance, carcass characteristics and body composi­
tion as influenced by dietary protein level, protein quality, 
early growth rate, dietary whey and dietary androgen and 
estrogen 
Experiment 6303 - Levels of dietary protein and lysine 
for growing-finishing pigs 
Objective The purpose of this experiment was to 
investigate the effect of 3 protein levels (12, l4 and 16 
percent) with or without .05 percent supplemental L-lysine 
upon daily live-weight gain, feed required per pound of gain, 
dressing percentage, carcass backfat thickness, percent ham 
and loin and the fat and moisture content of the Longissimus 
dorsi muscle. Of particular interest was the effect of these 
dietary regimens upon the intramuscular fat content of the 
Longissimus dorsi. 
Procedure Experiment 6303 was conducted during 
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the months of January to March of 1963. A total of 72 pigs 
(6 ration treatments, 4 pigs per pen and 3 pens within a 
ration treatment) were balanced on sex and randomly allotted 
in a randomized block design with initial weight used as an 
outcome group. Composition and calculated analysis of ration 
treatments used in this trial are presented in Appendix Tables 
12 and 13, respectively. 
Results and discussion Summaries of daily live-
weight gain, feed per pound of gain, dressing percentage, 
carcass backfat thickness, percent ham and loin and the fat 
and moisture content of the Longissimus dorsi are shown in 
Appendix Tables 31 through 35. Mean values for these criteria 
are given in text Table 4. The analysis of variance outline 
and observed mean squares are given in Appendix Table 36 for 
daily live-weight gain and in Appendix Table 37 for other 
measurements. 
Neither protein or lysine level significantly affected 
rate of live-weight gain, however, efficiency of feed conver­
sion was significantly different between treatments (P < .01) 
with decreased protein levels improving efficiency of feed 
conversion. 
The only carcass measurement significantly affected by 
imposed treatment was that of carcass backfat thickness. 
Increased dietary protein levels significantly decreased car­
cass backfat thickness (P < .05). 
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Table 4. Experiment 6303 - Summary of mean values for daily 
live-weight gain, feed per pound of gain, dressing 
percentage, carcass backfat thickness, percent ham 
and loin and fat and moisture content of the 
Longissimus dorsi muscle 
Ration 
Protein level 12% 14# 16% 12% + 
lysine 
14# + 
lysine 
16# + 
lysine 
Daily live-weight 
gain, lb. 1.65 1.62 1.57 1.64 1.65 1.53 
Peed per pound of 
gain, lb. 4.o4 4.04 4.39 4.22 4.09 4.67 
Dressing 
percentage 69.6 69.3 69.4 70.1 68.7 68.9 
Carcass backfat 
thickness, in. 1.38 1.31 1.33 1.39 1.28 1.32 
Percent ham and 
loin 38.2 38.2 38.7 38.0 38.6 38.1 
Pat content, 17.1 17.8 13.6 18.9 12.1 16.1 
Moisture content, % 71.4 71.4 72.1 70.8 72.8 71.7 
^On a dry matter basis. 
No other statistically significant treatment effects were 
observed, although, as protein level increased there was a 
trend towards a higher percent of ham and loin and a definite 
trend for lower fat content of the longissimus dorsi. 
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Experiment 6316 - Levels of dietary protein and lysine 
for growing-flnlshing pigs 
Objective The purpose of this experiment was to 
investigate the effect of 3 protein levels (10, 12 and l4 
percent) with or without .05 percent supplemental L-lysine 
upon daily live-weight gain, feed required per pound of gain, 
dressing percentage, carcass backfat thickness, percent ham 
and loin and the fat content of the Longissimus dorsi muscle. 
Of particular interest was the effect of these dietary regi­
mens upon the intramuscular fat content of the Longissimus 
dorsi. 
Procedure Experiment 6316 was conducted during 
the months of April to June of 1963. A total of 72 pigs (6 
ration treatments, 6 pigs per pen and 2 pens within a ration 
treatment) were balanced on sex and randomly allotted from 
initial weight outcome groups to a randomized block design. 
Composition and calculated analysis of ration treatments used 
in this trial are presented in Appendix Tables 15 and 15, 
respectively. 
Results and discussion Summaries of daily live-
weight gain, feed required per pound of gain, dressing per­
centage, carcass backfat thickness, percent ham and loin and 
the fat content of the Longissimus dorsi are shown in Appendix 
Tables 38 through 4l. Mean values for these criteria are 
given in text Table 5. The analysis of variance outline and 
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Table 5. Experiment 6316 - Summary of mean values for dally 
llve-welght gain, feed per pound of gain, dressing 
percentage, carcass backfat thickness, percent ham 
and loin and fat content of the Longlsslmus dorsl 
muscle 
Ration 
Protein level 10# 12# 14# 10# + 
lysine 
12# + 
lysine 
14# + 
lysine 
Dally llve-welght 
gain, lb. 1.34 1.79 1.78 1.41 1.82 1.72 
Feed per pound of 
gain, lb. 4.68 3.87 3.75 4.63 3.96 3.94 
Dressing 
percentage 68.2 68.2 67.8 68.5 69.2 69.6 
Carcass backfat 
thickness, in. 1.43 1.38 1.37 1.48 1.39 l.4o 
Percent ham and 
loin 36.7 38.2 37.7 37.0 37.7 37.9 
Pat content, 24.4 16.4 14.1 21.8 12.2 14.2 
^On a dry matter basis. 
observed mean squares are given In Appendix Table 42 for dally 
llve-welght gain and In Appendix Table 43 for other measure­
ments. 
Increased levels of protein significantly increased dally 
llve-welght gain (P < .05) and Improved efficiency of feed 
conversion (P < .01). 
As protein level Increased, percent of ham and loin was 
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significantly higher (P < .05). Although the lysine supple­
mentation effect was nonsignificant, there appeared to be some 
increase in percent ham and loin with lysine supplementation 
at the 10 percent level of dietary protein. Carcass backfat 
thickness decreased as protein level increased; however, this 
effect was not statistically significant. 
Pat content of the Longissimus dorsi decreased markedly 
(P < .01) as protein level increased. There was a trend for 
less intramuscular fat with lysine supplementation within a 
protein level, however, this trend was not statistically 
significant. 
Experiment 1130 - Environmental temperature and protein 
levels for swine 
Objective In this experiment, protein level was 
changed three times during the experimental period with two 
levels of protein from 3 to 7 weeks of age, two levels from 
7 weeks to 110 pounds of live weight and two levels from 110 
to 200 pounds of live weight. Protein levels were 20 and 16 
percent during the first stage, 17 and 13 percent during the 
second stage and l4 and 10 percent during the third stage. 
Each of these 3 combinations were then combined with a high 
environmental temperature (average of 57.3*F.) and a low 
environmental temperature (average of 35.6*F.). In the 
summary tables, high protein refers to the 20-17-14 level 
sequence and low protein refers to the 16-13-10 level sequence. 
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The purpose of this experiment was to investigate the effect 
of these factors upon daily live-weight gain, daily carcass 
gain, feed required per pound of gain, dressing percentage, 
carcass backfat thickness, percent lean cuts, shear force on 
the Longissimus dorsi and fat, nitrogen and moisture content 
of the Longissimus dorsi muscle. Of particular interest was 
the main effect and main effect interrelationships upon intra­
muscular fat content of the Longissimus dorsi. 
Procedure Experiment 1130 was conducted during 
the months of November 1961 to February 1962. 
Bight houses provided 8 experimental units for the 
temperature treatments (main plot). Each of 4 pens within a 
house provided an experimental unit for the ration treatments 
(sub-plot). Each building was windowless and insulated. 
Temperature in the high temperature houses was maintained by 
heaters whereas temperature in the low temperature houses was 
the average of a temperature pattern that cycled with the 
naturally varying outside temperature. 
A total of 96 pigs (4 treatments, 3 pigs per pen and 8 
pens within a treatment), were balanced on sex and randomly 
allotted in the split plot design by outcome groups of initial 
weight within littermates. Composition and calculated 
analysis of ration treatments used in this trial are presented 
in Appendix Tables 16 and 17, respectively. A summary of 
average temperature data is given in Table 44, 
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Results and discussion Summaries of daily live-
weight gain, daily carcass gain, feed required per pound of 
gain, dressing percentage, carcass backfat thickness, percent 
lean cuts, shear force values and fat, nitrogen and moisture 
content of the Longissimus dorsi are shown in Appendix Tables 
45 through 54. Mean values for these criteria are given in 
text Table 6. The analysis of variance outline and observed 
mean squares for Experiment 1130 are given in Appendix Tables 
55 through 58. 
Protein level fed had a statistically significant effect 
upon both daily live-weight (P < .01) and daily carcass gain 
(P < .05) with the highest protein level sequence (20-17-14) 
supporting the fastest rate of gain. However, temperature 
failed to significantly influence these measurements even 
though a trend existed toward faster gains at the high 
temperature. 
The low temperature caused increased feed required per 
pound of gain (P < .05) as did decreased ration protein level 
(P < .01). Comparing the high with the low temperature, feed 
required per pound of gain was increased .45 pounds on the 
high protein level and .28 pounds on the low protein level 
and this resulted in a statistically significant protein x 
temperature interaction (P < .05). 
Percent lean cuts was significantly influenced by 
protein level (P < .01) and by a protein level x temperature 
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Table 6. Experiment 1130 - Summary of mean values for daily 
live-weight gain, daily carcass gain, feed per 
pound of gain, dressing percentage, carcass backfat 
thickness, percent lean cuts and fat, nitrogen and 
moisture content of the Longissimus dorsi muscle 
Temperature 57 °P. 36° P. 
Protein level High Low High Low 
Daily live-weight gain, lb. 1.64 1.53 1.60 1.49 
Daily carcass gain, lb. 1.12 1.07 1.08 1.04 
Peed per pound of gain, lb. 3.03 3.34 3.48 3.62 
Dressing percentage 70.3 71.0 69.9 71.3 
Carcass backfat thickness, 
in. 1.45 1.63 1.54 1.68 
Percent lean cuts 53.6 50.1 52.2 50.2 
Pat content, 11.5 23.2 13.2 21.0 
nitrogen content, 13.2 11.3 13.1 11.7 
Moisture content, % 73.7 72.4 73.2 72.3 
Shear force, lb. 25.2 22.6 24.4 24.2 
^On a dry matter basis. 
interaction (P < .01). Increased percent lean cuts was 
observed with an increase in protein level and a protein x 
temperature interaction resulted from a 1.36 percent decrease 
in percent lean cuts within the high protein level sequence 
and a .12 percent increase within the low protein level 
sequence as temperature was lowered. 
64 
A statistically significant temperature (P < .05) and 
protein level effect (P < .01) was noted for carcass backfat 
thickness. This measurement was increased as both protein 
level and temperature decreased. Protein level also influ­
enced dressing percentage (P < .01) via an increased percent­
age with decreased protein level. 
Shear force values did not differ significantly between 
treatments. There appeared to be a trend for higher shear 
force values with higher protein levels (i.e. as fat content 
decreased shear values increased), however, a correlation 
coefficient of only-0.07 was calculated between intramuscular 
fat and shear force. 
Protein level had a highly significant effect upon all 
three Longissimus dorsi chemical analysis measurements 
(P < .005). As protein level increased, fat content decreased 
and nitrogen and water content increased. The influence of 
protein level upon intramuscular fat was particularly marked 
since pigs fed the low protein level sequence had nearly twice 
that of pigs fed the high protein level sequence. 
Experiment 1156 - Levels of dietary dried skim milk 
during early growth and subsequent performance 
Objective The purpose of this experiment was to 
investigate the effect of different early growth rates upon 
subsequent daily live-weight gain, daily carcass gain, dress­
ing percentage, carcass backfat thickness, percent ham and 
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loin and the fat and moisture content of the Longisslmus dorsi 
muscle. As in all experiments included in this thesis seg­
ment, of particular interest was the effect of dietary regimen 
upon the intramuscular fat content of the Longissimus dorsi. 
Procedure Experiment 1156 was conducted during 
the months of April to September of 1962. During the baby pig 
phase, an attempt was made to vary rate of early growth by 
feeding diets which contained 10, 20, 30 and 4o percent dried 
skim milk and a diet with soybean meal as the major source of 
dietary protein. It has been demonstrated (Hays et aJ., 1959 
and Hudman, 1956) that dried skim milk protein promotes a 
superior growth rate in baby pigs when compared to soybean 
protein. For the baby pig phase, a total of 95 pigs (5 ration 
treatments, 3 pens within a ration treatment, and 7 pigs per 
pen in replication one and 6 in replications 2 and 3) were 
balanced on sex and randomly allotted in a randomized block 
design by outcome groups of initial weight within littermates. 
After a 4 week experimental period, 75 of the pigs (15 per 
experimental treatment) were placed in growing-finishing pens 
and fed a common diet until market weight. 
Composition and calculated analyses of ration treatments 
used in the baby pig phase are given in Appendix Tables 19 
and 20, respectively. Compositions of the basal growing and 
finishing diets are given in Appendix Table 22. 
Results and discussion Summaries of total live-
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weight gain and feed required per pound of gain for the baby 
pig phase are given in Appendix Table 59. Summaries of daily 
live-weight gain (entire experimental period) daily carcass 
gain, dressing percentage, carcass backfat thickness, percent 
ham and loin and the fat and moisture content of the 
Longissimus dorsi are shown in Appendix Tables 61 through 64. 
Mean values for all these criteria are given in text Table 7. 
The analysis of variance outline and observed mean squares 
for the baby pig phase total gain and feed per pound of gain, 
daily live-weight (entire experimental period) and carcass 
gain and all other measurements are given in Appendix Tables 
60, 65 and 66, respectively. 
For the baby pig phase, a statistically significant 
quadratic gain response (P < .01) and a significant linear 
feed efficiency response (P < .01) was noted on levels of 
dried skim milk. Rate of gain increased up to the 30 percent 
dietary level of dried skim milk and then fell off slightly 
which resulted in the quadratic effect. Feed required per 
pound of gain decreased as level of dried skim milk increased. 
Although a highly significant rate of gain difference was 
noted between treatments during the baby pig phase, the only 
measurement showing statistical significance at market weight 
was carcass backfat thickness. Carcass backfat thickness 
decreased linearly (P < .05) as dried skim milk level in the 
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Table 7- Experiment 1156 - Summary of mean values for dally 
live-weight gain, daily carcass gain, feed per 
pound of gain, dressing percentage, carcass backfat 
thickness, percent ham and loin and fat and 
moisture content of the Longissimus dorsi muscle 
Level of dried skim milk 
Ô 15 To 5Ô 
Daily live-weight gain, 
lb. a 
1. 4l 1. 4l 1.41 1. 45 1.38 
Daily carcass gain, lb. 
• 99 . 97 .97 • 99 .94 
Total live-weight gain, 
Ib.b 
17. 8 19. 6 20.8 21. 5 20.0 
Peed Qer pound of gain, 
Ibb 
1. 86 1. 87 1.83 1. 64 1.65 
Dressing percentage 70. 2 69. 9 70.5 69. 5 69.9 
Carcass backfat 
thickness, in. 1. 44 1. 35 1.41 1. 34 1.31 
Percent ham and loin 36. 8 37. 1 37.2 37. 3 37.4 
Pat content, 14. 6 17. 5 14.6 15. 5 13.8 
Moisture content, % 72. 9 72. 4 72.4 72. 6 72.5 
^Por the entire experimental period. 
^Por the baby pig phase. 
°0n a dry matter basis. 
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starter diets increased. However, the amount of fat within 
the muscle was not significantly affected by diet treatment 
during starter phase. 
Experiment 6321 - Life cycle nutritional variations 
Objective The purpose of this experiment was to 
investigate the effect of the nutritional regimen of the dam, 
dietary protein source during early growth and dietary protein 
level during the growing-finishing period upon daily live-
weight gain, daily carcass gain, daily ham gain, feed required 
per pound of gain, dressing percentage, carcass backfat thick­
ness, percent ham and loin and the fat content of the 
Longissimus dorsi muscle. Of particular interest was the 
influence of early growth rate upon subsequent performance and 
the influence of various life cycle regimens upon intramuscu­
lar fat content of the longissimus dorsi. 
Procedure Experiment 6321 was conducted during 
the months of June to November of 1963. Pigs utilized for 
this experiment were taken from gestation experiments as 
reported by Probish (1964). The gestation program involved 
a 2 X 2 factorial arrangement of treatments arrived at by 
using high and low protein levels and high and low energy 
levels. Starting with an initial weight of 10.6 pounds and 
up to 50 pounds live weight, pigs were fed a diet containing 
20 percent protein in which the protein was primarily from 
soybean meal or dried skim milk. From 50 pounds live weight 
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until market weight, pigs were fed a diet containing either 
12 or 16 percent protein. Combination of these regimens 
results ina2x2x2x2 factorial arrangement of treatments 
for a total of 16 nutritional treatments with 4 pigs per 
treatment. 
Four pigs from a litter were selected by groups of 
initial weight and sex and randomly allotted according to the 
following scheme. Numbers in parenthesis indicate number of 
pigs for a particular phase: 
Growing-finishing 
Gestation treatment Starter treatment treatment 
LP-LE (4) 2 
LP-HE (4) 
HP-HE (4) 
HP-LE (4 
LP-HE (4)-^ 
LP-LE (4) 
HP-HE (4) 
HP-LE (4) 
The above scheme was replicated to account for the 64 
experimental animals in which LQ = soybean meal, HQ = dried 
skim milk, HP = 16 percent protein, LP = 12 percent protein, 
HP-HE = high protein and high energy, HP-LE = high protein and 
low energy, LP-HE = low protein and high energy and LP-LE = 
low protein and low energy. Data were analyzed by the method 
HQ (8) HP (8) 
LQ (8) LP 8) 
HP (8) 
HQ 8) 
LQ 8 
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of unweighted means considering completely randomized design 
procedures. 
Composition and calculated analysis of ration treatments 
used are given in Appendix Tables 23 and 24, respectively. 
Low and high protein during gestation represented 0.4 or 0.8 
pound per day and low and high energy represented 6000 or 
12000 metabolizable kilocalories per day. For a detailed 
description of gestation treatments see Frobish (1964). 
Results and discussion Summaries of total live-
weight gain and feed required per pound of gain for the baby 
pig phase are given in Appendix Tables 67 and 68, respectively. 
Summaries of daily live-weight gain (entire experimental 
period), daily carcass gain, daily ham gain, feed required per 
pound of gain for the growing-finishing period, dressing per­
centage, carcass backfat thickness, percent ham and loin and 
the fat content of the Longissimus dorsi are shown in Appendix 
Tables 70 through 77. Due to the large number of treatments 
involved, no mean value tables are given in the text and the 
reader is asked to refer to the above mentioned Appendix 
tables for average values. The analysis of variance outline 
and observed mean squares are given in Appendix Table 69 for 
the baby pig phase total live-weight gain and feed per pound 
of gain, Appendix Table 79 for feed per pound of gain during 
the growing-finishing period, Appendix Table 78 for daily 
live-weight (entire experimental period), carcass and ham gain 
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and in Appendix Table 80 for all other measurements. 
Statistical analysis of the total gain for the first 6 
week experimental period indicated that pigs fed dried skim 
milk gained significantly faster than pigs fed soybean meal 
(P < .05) and also required significantly less feed per pound 
of gain (P < .01). Gestation nutrition had no effect upon 
the 6 week experimental measurements. 
Although a statistically significant difference was 
observed between performance on the starter phase nutritional 
programs, this stage of the life cycle had no effect upon any 
of the market weight measurements. Neither did gestation 
nutritional program have any effect upon market weight meas­
urements. 
Protein level fed during the growing-finishing stage 
significantly affected daily ham gain, carcass backfat, per­
cent ham and loin (P < .05, P < .05 and P < .01, respectively) 
and had a highly significant effect upon intramuscular fat 
content (P < .005). Compared with the low level of protein, 
the high level decreased the fat content of the Longissimus 
dorsi (15.2 versus 8.2 percent). The high level of protein 
also resulted in increased percent ham and loin, decreased 
carcass backfat thickness and increased daily ham gain. 
Increased protein level increased rate of carcass gain and 
this effect approached statistical significance. 
No statistically significant Interactions were observed 
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between any of the 4 main effects with respect to any measure­
ments observed. 
Experiment 6330 - Life cycle nutritional variations 
Objective The purpose of this experiment was the 
same as stated for Experiment 6321. 
Procedure Experiment 6330 was conducted from 
July 1963 to January 1964. A total of 64 experimental animals 
were utilized, however, due to the unavailability of an ade­
quate number of pigs from all gestation treatments some treat­
ments were given 5 pigs with a minimum of 3 for all treatments. 
The remainder of the experimental procedure was the same as 
that given for Experiment 6321. 
Results and discussion Summaries of total live-
weight gain and feed required per pound of gain for the baby 
pig phase are given in Appendix Tables gl and 82, respectively. 
Summaries of daily live-weight gain (entire experimental 
period), daily carcass gain, daily ham gain, feed required per 
pound of gain for the growing-finishing period, dressing per­
centage, carcass backfat thickness, percent ham and loin and 
the fat content of the Longissimus dorsi are shown in Appendix 
Tables 84 through 91. Due to the large number of treatments 
involved, no mean value tables are given in the text and the 
reader is asked to refer to the above mentioned Appendix tables 
for average values. The analysis of variance outline and 
observed mean squares are given in Appendix Table 83 for total 
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live-weight gain and feed per pound of gain during the baby 
pig phase. Appendix Table 92 for daily live-weight (entire 
experimental period), carcass and ham gain, Appendix Table 93 
for feed per pound of gain during the growing-finishing period 
and in Appendix Table 9^ for all other measurements. 
Statistical analysis of the total gain for the first 6 
week experimental period indicated no statistically signifi­
cant differences between sources of protein. This apparent 
contradiction to Experiments 1156 and 6321 can perhaps be 
explained on the basis of the increased age of pigs used in 
this experiment. Pigs used for Experiment 6330 were initially 
23.0 days of age versus 17.2 and 16.5 for Experiments 1156 and 
6321, respectively. However, pigs fed the dried skim milk 
diets required significantly less feed per pound of gain 
(P < .01). 
Of interest was the statistically significant effect of 
gestation energy upon 6 week gains (P < .05) with low gesta­
tion energy causing increased gains. This effect also carried 
through to market weight to cause increased live-weight, car­
cass and ham gain (P < .01). A statistically significant 
interaction between gestation energy and growing-finishing 
protein level was observed on daily live-weight and carcass 
gain (P < .05). 
Neither gestation or starter phase nutritional program 
significantly affected any of the carcass measurements. 
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The high level of dietary protein fed during the growing-
finishing period resulted in increased ham gain (P < .05) and 
a highly significant decrease in fat content of the Longissimus 
dorsi (P < .005). Average fat content for the high protein 
level was 10.4 percent versus 17.5 for the low protein level. 
Experiment 1142 - Levels of dietary whey for growing-
finishing pigs 
Objective The purpose of this experiment was to 
investigate the effect of 2 levels of dietary whey (20 and 4o 
percent) upon daily live-weight gain, daily carcass gain, feed 
required per pound of gain, dressing percentage, carcass back-
fat thickness, percent ham and loin and the fat and moisture 
content of the Longissimus dorsi muscle. Of particular 
interest was the effect of these dietary regimens upon the 
intramuscular fat content of the Longissimus dorsi. 
Procedure Experiment 1142 was conducted during 
the months of January to April of 1962. A total of 30 pigs 
were utilized in a single replication (3 ration treatments and 
10 pigs per pen) with pigs allotted at random by outcome 
groups of initial weight within littermates and balanced with 
respect to sex. Composition and calculated analysis of ration 
treatments used in this trial are presented in Appendix Tables 
26 and 27, respectively. 
Results and discussion Summaries of daily live-
weight gain, daily carcass gain, feed per pound of gain, 
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dressing percentage, carcass backfat thickness, percent ham 
and loin and the fat and moisture content of the Longisslmus 
dorsi are shown in Appendix Tables 95 through 98. Mean values 
for these criteria are given in text Table 8. The analysis 
of variance outline and observed mean squares are given in 
Appendix Table 99 for daily live-weight and carcass gain and 
in Appendix Table 100 for other measurements. 
Treatments imposed failed to significantly influence 
daily live-weight gain, however, pigs fed the 4o percent vdiey 
diets had significantly slower daily carcass gains than pigs 
fed the 20 percent whey diet (P < .05). Since coefficients of 
variation were nearly the same for daily live-weight and car­
cass gain we could hypothesize that the observed significant 
difference in daily carcass gain is due to removing a "fill 
factor." 
Feeding of the 4o percent level of dietary whey signifi­
cantly decreased dressing percentage, decreased carcass back-
fat thickness and increased percent ham and loin (P < .01, 
P < .01 and P < .05, respectively) in a comparison of 4o 
versus 20 percent dietary ^ey. Although not statistically 
examined, the control and 20 percent >rtiey fed pigs were nearly 
alike for all observed measurements except for the fat content 
of the Longissimus dorsi. 
No statistically significant differences were noted 
between treatments with respect to intramuscular fat content. 
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Table 8» Experiment 1142 - Summary of mean values for daily 
live-weight gain, dally carcass gain, feed per 
pound of gain, dressing percentage, carcass backfat 
thickness, percent ham and loin and fat and 
moisture content of the Longissimus dorsi muscle 
Level of whey 
0 20 
Daily live-weight gain, lb. 1.78 1.77 1.68 
Daily carcass gain, lb. 1.10 1.10 1.02 
Peed per pound of gain, lb. 1.78 1.76 1.67 
Dressing percentage 69.3 69. 5  68.2 
Carcass backfat thickness, in. 1.62 1.68 1.50 
Percent ham and loin 34.5 33.7 35.1 
Pat content, 16.2 15.3 15.5 
Moisture content, % 72.0 71.9 72.1 
^On a dry matter basis. 
however, there was a trend for both whey levels to cause 
lower quantities of this measurement. 
Experiment 1163 - Levels of supplemental androgen plus 
estrogen for growing-finishing pigs 
Objective The purpose of this experiment was to 
investigate the effect of two levels of a combination of 
androgen and estrogen (7.5 milligrams of androgen + 160 micro­
grams of estrogen and 15 milligrams of androgen + 320 micro­
grams of estrogen) upon daily live-weight gain, feed required 
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per pound of gain, dressing percentage, carcass baokfat thick­
ness, percent ham and loin and the fat and moisture content of 
the Longissimus dorsi muscle. Of particular interest was the 
effect of these dietary regimens upon the intramuscular fat 
content of the Longissimus dorsi. 
Procedure Experiment 1163 was conducted during 
the months of July to September of I962. A total of 36 pigs 
were utilized in a single replication (3 ration treatments and 
12 pigs per pen) with pigs allotted at random by outcome 
groups of initial weight within littermates and balanced with 
respect to sex. Composition and calculated analysis of ration 
treatments used in this trial are presented in Appendix Tables 
28 and 29, respectively. The androgen used in this trial was 
Halotestin (IIP, 17B-dihydroxy-9oufiuoro-l7G-methyl-4-
androsten-3-one) and the estrogen was Stilbesterol a deriva­
tive of diethylstilbesterol [3,4-bi8 (p-hydroxyphenyl)-3-
hexane ]. 
Results and dlscusslon Summaries of daily live-
weight gain, feed per pound of gain, dressing percentage, 
carcass backfat thickness, percent ham and loin and the fat 
and moisture content of the Longissimus dorsi are shown in 
Appendix Tables 101 through 104. Mean values for these crite­
ria are given in text Table 9- The analysis of variance 
outline and observed mean squares are given in Appendix Table 
105 for all measurements. 
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Table 9. Experiment 1163 - Summary of mean values for daily 
live-weight gain, feed per pound of gain, dressing 
percentage, carcass backfat thickness, percent ham 
and loin and fat and moisture content of the 
Longissimus dorsi muscle 
Ration 
Control Control + 7.5 mg. 
androgen and 160 
meg. estrogen 
Control + 15 mg. 
androgen and 320 
meg. estrogen 
Daily live-
weight gain, 
lb. 
1.88 1.90 1.85 
Feed per pound of 
gain, lb. 3.48 3.36 3.25 
Dressing 
percentage 69.7 68.9 68.6 
Carcass backfat 
thickness, in. 1.57 1.48 1.51 
Percent ham and 
loin 36.7 36.9 37.7 
Pat content, 16.0 17.0 15.1 
Moisture 
content, % 73.0 72.4 73.4 
^On a dry matter basis. 
There were no statistically significant differences 
indicated between treatments for any of the measurements 
observed. The following trends were observed, however, with 
pigs fed supplemental androgen and estrogen compared to pigs 
fed the control diet: (1) improved feed efficiency (2) lower 
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dressing percentage (3) lower carcass backfat thickness (4) 
higher percent of ham and loin and (5) lower intramuscular fat 
content at the high level of androgen and estrogen and higher 
intramuscular fat content at the lowest level of androgen and 
estrogen. 
Correlation coefficients between various criteria 
Objective The primary objectives of this section were 
to evaluate the degree of co-relationship between various 
measured criteria and (1) intramuscular fat and (2) rate of 
gain. 
Procedure Data involving a total of 1065 pigs from 
12 experiments were used for obtaining the calculated correla­
tion coefficients reported in this section (Experiments 1065, 
1077, 1106, 1150, 1142, 1156, 1163, 1164, 6303, 6616, 6321 and 
6330). Intramuscular fat was determined from tissue samples 
taken from the tenth rib area of the Longissimus dorsi in all 
experiments except Experiment 1077 in which tissue samples 
were taken from the Serratus ventralis. Correlations with 
rate of gain were calculated using rate of live-weight gain. 
All calculations involved individual observations except in 
Experiment 1077 In which pen averages were used. 
Correlation coefficients were calculated using the 
residual sums of squares from the Analysis of Variance, thus 
classification effects were removed. The use of this random 
80 
error in calculating correlation coefficients should make the 
values obtained more generally applicable. 
Results and discussion Text Table 10 gives calculated 
correlation coefficient values for each experiment between 
(1) intramuscular fat and — daily live-weight gain, percent 
ham and loin and carcass backfat thickness (2) daily live-
weight gain and — percent ham and loin, dressing percentage 
and carcass backfat thickness and (3) percent ham and loin 
and — dressing percentage and carcass backfat thickness. 
Average values are also given according to procedures 
described by Snedecor (1956, page 178). 
Results of this section are self-explanatory from text 
Table 10 and will not be dwelled upon at this point. A 
discussion of the average values will be given in the thesis 
segment on General Discussion. However, it is well to point 
out the considerable amount of variation between correlation 
coefficients when considering any 2 variables. This shows 
the need for a large number of observations before accepting 
values for correlation coefficients and to put little faith 
in values calculated from a small sample. 
Table 10. Correlation coefficients between various criterion 
Intramuscular fat and — Daily live-weight gain — 
Percent ham and 
loin and®- — 
Exp. 
num­
ber 
Daily 
live-
weight 
gain 
Percent 
ham and 
loin^ 
Carcass 
backfat 
thickness 
Percent 
ham and 
loin®-
Dressing 
percent 
Carcass 
backfat 
thickness 
Dressing 
percent 
Carcass 
backfat 
thickness 
1065 —0. l4 -0.26 0.18 -0.17 -0.38 -0.12 0.05 —0.38 
1077 -0.08 -0.38 0.47 -0.17 -0.07 0.23 -0.13 -0.66 
1106 0.15 -0 « 36 0.24 -0.29 -0.34 -0.02 -0.10 -0.64 
1130 0.35 -0.16 0.11 -0.53 -0.41 0.41 0.02 -0.54 
1142 -0.4o -0.43 0.07 -0.58 -0.22 0.23 0.22 -0.53 
1156 0.06 -0.34 0.07 -0.34 -0.16 0.30 0.03 -0.45 
1163 -0.15 -0.33 -0.09 0.04 -0.4l -0.07 0.24 -0.53 
1164 0.29 -0.15 -0.02 —0.61 -0.27 0.39 0.06 -0.59 
6303 0.01 -0.59 0.12 -0.21 -0.41 0.02 0.33 -0.46 
6316 -0.18 -0.28 0.18 -0.24 -0.06 0.06 -0.07 -0.71 
6321 0.03 -0.14 0.14 —0 « 31 -0.18 -0.03 -0.09 —0.63 
6330 0.21 -0.31 -0.06 -0.50 -0.02 0.37 —0.31 -0.59 
Average 0.07 -0.31 0.14 -0.34 -0.27 0.14 -0.01 -0.56 
^Percent lean cuts for Experiments 1065, 1077, 1106, 1130 and 1164. 
82 
GENERAL DISCUSSION 
Data involving a total of 813 pigs from 8 experiments 
were utilized in a comparison of daily live-weight versus 
daily carcass gain as a measure of rate of gain response. 
Both size of "P" ratios and coefficients of variation indi­
cated that the use of carcass gain is preferable to using 
live-weight gain since summed treatment "P" ratios were 
increased an average of 253 percent and coefficients of varia­
tion decreased an average of 11.2 percent for daily carcass 
gain compared to daily live-weight gain. The data suggested 
that treatments imposed affected "fill" and this was largely 
responsible for the increased size and number of significant 
"F" ratios for daily carcass gain (e.g. Experiment 1106 where 
low energy increased fill and high protein increased fill). 
These results are comparable to those of Meyer et (I960) 
vh.0 reported on a similar study using beef cattle. 
Data involving a total of 120 pigs from 2 experiments 
were utilized to evaluate daily ham gain as a rate of gain 
criterion. It was thought that a ham gain measurement could 
be used to indicate both rate of gain and lean meat deposition. 
However, small correlation coefficients (0.20 and -0.18) were 
found between ham gain and percent ham and loin indicating 
little co-relationship between these variables. High correla­
tions were found between daily ham gain and daily live-weight 
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or carcass gain, however, this measurement is criticized be­
cause of extra work involved in obtaining it and also because 
rate of gain should be calculated on the entire economic 
product. Therefore, from the standpoint of (1) ease of 
obtaining and (2) estimation of the entire saleable product, 
rate of carcass gain should be the more useful indicator of 
rate of gain. 
The use of rate of carcass or ham gain assumes a constant 
percent of carcass of live weight and equal ham weights at the 
initiation of an experiment for daily carcass and ham gain, 
respectively. This assumption would cause little error if 
pigs were small at the beginning of an experiment. For car­
cass gain, it is also recommended that pigs be shrunk prior 
to taking initial weights. Also, if carcass weights are not 
available, it appears it would be advantageous to shrink pigs 
before taking final live weights which would correspond with 
the recommendation of Whiteman ^  aJ.. (1954) and Koch et al. 
(1958) that beef cattle be shrunk prior to obtaining final 
weights. 
Prom these data a recommendation is made that pigs be 
shrunk before obtaining initial weights and that daily carcass 
gain, obtained as described in previous sections, be used as 
the rate of gain criterion. This measurement eliminates the 
"fill factor" found in commonly used live-weight gains and 
other offal which should not be considered as real gain. This 
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procedure assumes constant percent carcass of live weight at 
the initiation of an experiment and it is for this reason that 
pigs should be started on experiment at a light weight (e.g. 
10 pounds) if this procedure is to be used. If considerable 
variation in weights exist, it is suggested that covariance 
analysis be used with initial weight as the covariate. 
Protein levels of 12, 14 and 16 percent; 10, 12 and l4 
percent; 12 and 16 percent; and 12 and 16 percent were studied 
in Experiments 6303, 6316, 6321 and 6330, respectively. Data 
from these trials indicate that a dietary protein level of 12 
percent is adequate for the growing-finishing pig which corre­
sponds with results published by Hanson ^  al. (1957) and 
Hudman and Peo (i960). 
There are contradictory reports on the adequacy of a 11 
percent level of dietary protein since significant differ­
ences between 11 percent and higher protein levels have been 
observed by Wallace et (1963b) but not by Hanson et al. 
(1957) and Aunan al- (1961). 
However, a 10 percent level of dietary protein signifi­
cantly lowered rate of gain compared to 12 and l4 percent 
levels in Experiment 6316 and this is in agreement with Grant 
et al. (1958), Salmela ^  al. (1958) and Hanke et aJ.. (1958). 
This same trend was apparent in Experiment 1130 in which a 
20-17-14 percent protein level sequence significantly in­
creased rate of live-weight and carcass gain when compared 
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with a 16-13-10 sequence. This is consistent with work 
reported by Seymour (1962) who utilized the same protein 
levels. The 10 percent level of protein was fed from 110 
pounds of live weight to market weight in Experiment 1130 and 
from an initial weight of 124 pounds to market weight in 
Experiment 6316. It is of interest to note that rate of 
live-weight gain was lowered as protein level was increased 
above 12 percent in both Experiments 6303 and 6316. 
In Experiments 6321 and 6330, increased protein level 
from 12 to 16 percent for the period from 50 pounds live 
weight to market weight was without significant effect upon 
rate of daily live-weight or carcass gain. However, the 
higher protein level significantly increased rate of ham gain. 
A 0.05 percent level of supplemental L-lysine did not 
significantly influence gain in Experiment 6303 which is in 
partial agreement with Abernathy et (1958) and Acker et 
al. (1959) who reported no beneficial effect when using a l4 
percent protein basal diet. However, Acker ejt (1959) re­
ported a significant lysine effect using a 12 percent protein 
basal diet. Since supplemental lysine did not improve gain 
at the 10 percent level of protein, this indicated that lysine 
was not the first limiting nutritional factor at this level of 
protein. This is inconsistent with Nielson (I960) irtio has 
reported a beneficial effect from supplemental lysine in a 10 
percent protein diet for growing-finishing pigs. 
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In Experiment 1130, no significant gain differences were 
observed between environmental temperatures of 36 or 57°P. 
although the lower temperature did result in significantly 
more feed required per pound of gain and these observations 
are someiAiat in agreement with Mangold et s^. (I960) and 
Seymour (1962). A significant protein x temperature inter­
action was observed with respect to feed efficiency and this 
was not observed by Seymour (1962). 
Increased dietary protein level significantly reduced 
the feed required per pound of gain in both Experiments 6316 
and 1130 which is consistent with data reported by Grant gt 
al. (1958), Salmela et (1958), Wallace et (1963) and 
Seymour (1962). However, increased protein level in Experi­
ment 6303 increased the feed required per pound of gain which 
is contrary to what would be expected. 
Hudman and Peo (i960) and Beacom (1959a) have shown no 
improvement in efficiency of feed conversion when protein 
levels were Increased above 12 percent during the growing-
finishing period which corresponds with the results of 
Experiments 6321 and 6330. 
For Experiment 6330, decreased gestation energy level 
caused a significant increase in rate of final live-weight, 
carcass and ham gain and initial 6-week total gain. With 
respect to daily live-weight and carcass gain, a statistically 
significant interaction was found between level of gestation 
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energy and level of protein fed during growing-finishing 
period. It should be pointed out, however, that a few number 
of animals were used for each experimental treatment and 
perhaps we should not put too much confidence in these obser­
vations. Lack of a sufficient number of animals may explain 
why these effects were not observed in Experiment 6321 since 
experimental treatments were the same as in Experiment 6330. 
A 4o percent dietary level of whey in Experiment 1142 
(pigs initially weighed 4o pounds) significantly decreased 
rate of carcass gain when compared to a 20 percent level. 
Although not statistically tested, gains were nearly alike for 
pigs fed levels of 0 and 20 percent dietary whey. These data 
suggest that the growing-finishing pig can tolerate a dietary 
whey level of at least 20 percent which is in disagreement 
with Becker et (1957) and Krider et a2. (19^9) but in 
agreement with Becker and Terrill (195^). 
Supplemental androgen and estrogen was without signifi­
cant effect upon rate of gain measurements in Experiment 1163, 
however, a trend of decreased gain existed for pigs fed the 
highest level of androgen and estrogen. This lack of signifi­
cant effect from an androgen and estrogen combination corre­
sponds with the results of Thrasher et al. (1959). The trend 
for decreased rate of gain from the presence of the androgen, 
Halotestin, in the diet has also been shown by Mente (1963). 
There was an improvement in feed efficiency with supplemental 
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androgen and estrogen, however, this effect could not be 
tested for statistical significance due to no replication of 
the experimental unit. 
The Influence of early growth rate upon subsequent per­
formance was studied in Experiments 1156, 6321 and 6330. 
Compared to dietary soybean meal as the primary protein 
constituent, dietary dried skim milk during the starter phase 
significantly increased rate of early growth in Experiments 
1156 and 6321 but not in Experiment 6330. This lack of 
significant difference in Experiment 6330 is attributed to 
the increased age of the pigs used in this trial. Dietary 
dried skim milk resulted in a significant improvement in 
efficiency of feed conversion in all 3 experiments. The bene­
fit of dried skim milk over soybean meal with respect to both 
gain and feed efficiency has been shown by Hays ^t sJ.. (1959), 
Hudman (1956) and Wagner (I960). 
Although it was possible to significantly vary early 
growth rates, this effect did not carry through to affect rate 
of gain for the entire experimental period. The only signifi­
cant effect observed at market weight as a result of early 
growth rate was carcass backfat thickness in Experiment 1156. 
As level of dietary dried skim milk Increased (0, 10, 20, 30 
and 4o percent), carcass backfat decreased linearly. This 
would indicate that rapid early growth results in leaner car­
casses which corresponds with statements by McMeekan (1940a, 
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ig^Ob, 194oc) and Hilditch (1939) but does not corre­
spond with recommendations by Lucas e;t a2. (1959) and Lucas 
et al. (i960). However, comparisons between these experi­
mental data is perhaps not valid in view of the vast differ­
ences in degree of early growth rate restriction. Unless the 
degree of restriction is severe, the pig is capable of recov­
ering with the result being small or negligible differences in 
market weight measurements. 
In Experiments 6321 and 6330, pigs were allotted such 
that the gestation nutrition program of the dam could be 
studied with respect to subsequent performance. Gestation 
energy level did influence gain measurements in Experiment 
6321 as discussed previously, however, gestation treatment 
failed to significantly influence any carcass characteristics. 
In an attempt to evaluate the degree of relationship 
between rate of gain for the entire experimental period and 
carcass characteristics, average correlation coefficients were 
obtained using data from 12 experiments involving 1065 pigs. 
Average calculated correlation coefficients obtained were 
-0.34, -0.27 and 0.l4 for daily live-weight gain and -- per­
cent ham and loin, dressing percentage and carcass backfat 
thickness, respectively. Percent of lean cuts was measured 
in Experiments 1065, 1077, 1106, 1130 and 1164, however, all 
references to amount of lean will refer to percent ham and 
loin with respect to correlation coefficients. There 
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apparently is little relationship between daily live-weight 
gain and dressing percentage or carcass backfat thickness but 
there was a sizeable degree of relationship between daily 
live-weight gain and percent ham and loin i.e. as daily live-
weight gain increased the percent of ham and loin decreased. 
Protein level fed during the growing-finishing period 
significantly influenced carcass backfat thickness in Experi­
ments 1130, 6305, 6316 and 6321 but not in 6330 i.e. carcass 
backfat thickness decreased as protein level increased. For 
Experiments 6303 and 6316 the largest difference in this 
measurement was between the two lowest levels of protein. 
These data suggest that carcass backfat thickness decreased 
up to a protein level of about 13 to l4 percent and then 
remained about the same for protein levels beyond this. This 
statement is consistent with data published by Grant ejt a2. 
(1958), Salmela et (1958), Stevenson ^  al. (I960), 
Seymour (1962), Foster (I960) and Wallace £t (1963) but 
not with Hanson ^  (1957) and Hanke et aJ. (1958). 
The lowest environmental temperature studied in Experi­
ment 1130 (36°?.) caused increased carcass backfat thickness 
which is somewhat contrary to experimental results published 
by MacKay £t (i960), Seymour (1962) and Mangold e_t al. 
(i960). These latter workers did not study the same tempera­
ture levels as used in Experiment 1130, however, they either 
observed no difference or decreased carcass backfat thickness 
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with similar temperatures. 
The 4o percent level of dietary whey in Experiment 1142 
significantly decreased carcass backfat thickness and androgen 
and estrogen had no significant influence upon this measure­
ment in Experiment 1165. 
In most trials, when increased dietary protein decreased 
carcass backfat thickness there was a concomitant increase in 
percent ham and loin. Increased protein levels in Experiments 
1130, 6316 and 6321 significantly increased percent ham and 
loin and there were trends for increased percent ham and loin 
for Experiments 6303 and 6330. As with carcass backfat thick­
ness, it appears that the increase in percent ham and loin 
plateaus when pigs are fed a protein level of about 13 to l4 
percent during the growing-finishing period. This is somewhat 
in agreement with Salmela ^  (1958), Seymour (1962) and 
Poster (I960) but is not consistent with reports by Grant et 
al. (1958), Hanson ^  (1957), Hanke et al. (1958), Aunan 
et al. (1961) and Beacom (1959b). These latter workers 
indicated that dietary protein level could be reduced still 
further during the finishing period with no significant 
influence on percent of ham and loin. 
A significant protein x temperature interaction was 
shown on percent lean cuts in Experiment 1130 which was not 
shown by Seymour (1962). 
The only studies where dressing percentage was signifi­
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cantly Influenced by treatment were in Experiments 1130 and 
1142. In Experiment 1130, decreased protein level increased 
dressing percentage and the 40 percent level of whey in Exper­
iment 1142 decreased this measurement. The finding of only 
two significant effects is somewhat contrary to common belief 
that increased fatness is associated with increased dressing 
percentage and vice versa or that increased percent lean cuts 
is associated with decreased dressing percentage. This is 
quite untrue, however, in view of the average correlation 
coefficient of only -0,01 between percent ham and loin and 
dressing percentage as obtained from the data utilized in this 
thesis study. Percent ham and loin and carcass backfat thick­
ness were highly correlated, however, with an average correla­
tion coefficient of -0.56. 
The primary goal of all the feeding trials conducted was 
to find nutritional factors which would influence the intra­
muscular fat content of the Longissimus dorsi muscle. 
Levels of dietary whey in Experiment 1142 and levels of 
androgen and estrogen in Experiment II63 failed to signifi­
cantly influence intramuscular fat content although there was 
a trend for a reduced fat content in pigs fed both 20 and 40 
percent levels of dietary whey. 
However, increased protein levels in Experiments 1130, 
6316, 6321 and 6330 significantly reduced intramuscular fat 
content. Although not significant, there was also a definite 
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trend for the same observation in Experiment 6303. 
The tremendous amount of reduction in intramuscular fat 
with increased protein level is shown by the following 
averages: (1) Experiment 6303 - 18.0, 15.0 and 14.8 for 12, 
14- and I6 percent protein levels, respectively (2)-Experiment 
6316 - 23.1, 14.3 and 14.1 for 10, 12 and 14 percent protein 
levels, respectively (3) Experiment II30 - 22.1 and 12.4 for 
the I6-I3-IO and 20-17-14 protein level sequences, respec­
tively (4) Experiment 632I - 15.2 and 8.2 for 12 and I6 per­
cent protein levels, respectively and (5) Experiment 6330 -
17.5 and 10.4 for 12 and 16 percent protein levels, respec­
tively. These and previously discussed data would support 
the statement that protein levels from 10 to I6 percent for 
the growing-finishing pig result in considerably less in­
fluence, percentage wise, on growth performance and carcass 
characteristics than on intramuscular fat content. That 
protein level significantly influences Longissimus dorsi fat 
content has also been reported by Kropf et al. (1959)» Mente 
(1963) and Wagner et a2. (1963). 
There were trends for reduced intramuscular fat with 
lysine supplementation at the 12 percent level of dietary 
protein in both Experiments 6303 and 6316, however, this trend 
was not significant. 
Several reports, including those by Harrington and 
Pearson (I96O), Zessin et al. (I96I), Kauffman (1964) and 
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Henry et a^, (1963), have Indicated that marbling (intramuscu­
lar fat) is associated with tenderness. Shear force values 
were obtained on loin samples from pigs in Experiment II30 and 
a correlation coefficient was calculated between this variable 
and intramuscular fat content. A correlation coefficient of 
only -O.O7 was found between these 2 variables. This is some­
what In agreement with Judge et al. (1960) and Batcher ^  al. 
(1962) who reported that intramuscular fat did not enhance 
palatability. It must be considered, however, that this value 
of -0.07 was calculated using only one experiment and may be 
somewhat misleading. The review of literature revealed 
correlation coefficient values varying from -0.48 to 0.45 
between these 2 variables. 
There obviously is much confusion as to what influences 
tenderness and other palatability or physical factors. How­
ever, if and when it is found that the consumer prefers pork 
with more or less intramuscular fat for improved tenderness. 
Juiciness or other reasons, it most certainly can be increased 
or decreased by nutrition. 
Since considerable time and expense are involved in 
obtaining values for intramuscular fat content, correlation 
coefficients were calculated to determine the degree of rela­
tionship between intramuscular fat and — daily live-weight 
gain, percent ham and loin or carcass backfat thickness and 
average calculated correlation coefficients were 0.07, -O.3I 
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and 0.l4, respectively. The correlation coefficient of 0.l4 
between intramuscular fat and carcass backfat thickness con­
tained data from Experiment IO77 where tissue samples were 
taken from the Serratus ventralis and if these data are 
removed it leaves an average correlation coefficient of 0.12 
between Longissimus dorsi fat content and carcass backfat 
thickness. 
It was hoped that carcass backfat thickness, a measure 
of external fatness, would be a good indicator of Longissimus 
dorsi fatness. However, it obviously is not \rtiich supports 
the work of Carpenter ^  al. (1961) and Henry et (1963) 
but not that of Batcher and Dawson (I960). Neither does it 
support the work of Murphy and Carlin (I96I) vdio reported a 
significant regression coefficient of 0.6 between marbling of 
the Longissimus dorsi and carcass backfat thickness. However, 
the large number of animals from several different experiments 
in this thesis study substantiates the low degree of relation­
ship between intramuscular fat and carcass backfat thickness. 
High values for correlation coefficients have been 
reported between carcass backfat thickness and intramuscular 
fat of the carcass or cuts other than the Longissimus dorsi 
(Batcher and Dawson, 196O; Gnaedinger e^ > 1963 and; 
Henry jet al., 1963) and this is supported by the correlation 
coefficient of 0.47 found in Experiment 1077 where tissue 
samples were taken for the Serratus ventralis. 
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An average correlation coefficient of only 0.07 was found 
between intramuscular fat and daily live-weight gain, however, 
a somewhat higher correlation coefficient of -0.31 was found 
between intramuscular fat and percent ham and loin. 
Percentages of tissue nitrogen and moisture were signifi­
cantly increased with increased protein level in Experiment 
1130. Percent tissue nitrogen was not determined in the other 
experiments since an almost perfect Inverse relationship must 
exist between tissue fat and tissue nitrogen content. Both of 
these measurements are determined on a dry matter basis and 
after subtracting nitrogen and fat percentages from the total 
dry matter this leaves only carbohydrate and ash iriiich are 
undoubtedly rather constant. A nearly perfect correlation 
coefficient between tissue fat and tissue nitrogen was calcu­
lated from data previously collected at this station (Mente, 
1963) which substantiates this statement. 
Percent tissue moisture was not significantly different 
between treatments in other trials. This is explained on the 
basis of method of handling tissue samples after obtaining 
them from the packing plant. In Experiment 1130, tissue sam­
ples were chemically analyzed immediately, however, in other 
experiments (Experiments 6303, 6316, 1142, 1156 and 1163) 
samples were frozen and stored for a period of time before 
analysis. It is believed that this storage period and subse­
quent handling resulted In moisture losage which resulted in 
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all samples being nearly alike in moisture content. It is 
for this reason that moisture determinations were not run in 
Experiments 6321 and 6330. 
The inverse relationship between percentages of fat and 
moisture has been shown by Kelly (1957), Kropf et aJ.. 
(1959a), Reid et aJ. (1955) and Judge e_t sJ.. (I960) and such 
trends did exist for the trials reported herein. 
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SUMMARY 
A total of 813 pigs from 8 trials (approximate initial 
weights from 10 to 4o pounds) were involved in a study to 
evaluate daily live-weight versus daily carcass gain as a 
measure of rate of gain response. One hundred and twenty pigs 
from 2 trials were involved in a study to evaluate these two 
measurements plus daily ham gain. 
Both size of "P" ratios and coefficients of variation 
indicated that the use of carcass gain was preferable to using 
live-weight gain since treatment "P" ratios were increased an 
average of 253 percent and coefficients of variation decreased 
an average of 11.2 percent for daily carcass gain compared to 
daily live-weight gain. The increase in size and number of 
significant "P" ratios was attributed to removing a "fill 
factor" and/or decreased experimental error. 
It was thought that rate of ham gain could be used to 
indicate both rate of gain and rate of lean meat deposition. 
High correlation coefficients were obtained between daily ham 
gain and daily live-weight or daily carcass gain, however, 
small correlation coefficients (0.20 and -0.18) were found 
between daily ham gain and percent ham and loin. 
Data involving 1065 pigs from 12 trials were utilized to 
calculate correlation coefficients of which the averages are 
given in the following summary: 
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Intramuscular fat and: 
Dally live-weight gain 
Percent ham and loin 
Carcass backfat thickness 
0.07 
-0.31 
0.l4 
Daily live-weight gain and: 
Percent ham and loin 
Dressing percentage 
Carcass backfat thickness 
-0.54 
-0.27 
0.14 
Percent ham and loin and; 
Dressing percentage 
Carcass backfat thickness 
-0.01 
-0 .56 
Nutritional programs and factors studied were (1) protein 
levels (2) supplemental 1-lysine (5) temperature-protein 
relationships (4) levels of dietary dried skim milk for baby 
pigs and subsequent performance (5) life cycle protein level 
and protein quality (6) levels of dietary whey and (7) dietary 
levels of an androgen and estrogen. Of primary interest, was 
the influence of these programs and factors upon fat content 
of the Longisslmus dorsi muscle. 
Data from these studies suggested that 12 percent dietary 
protein is adequate for near optimal growth and efficiency of 
feed conversion for the growing-finishing pig. For percent 
ham and loin (or percent lean cuts) and carcass backfat 
thickness, it appears that 13 to l4 percent is the optimum in 
terms of least thickness of carcass backfat and largest per­
cent of ham and loin. Supplemental L-lysine was without 
effect upon gain, carcass measurements and Intramuscular fat 
content. 
Increased protein levels significantly reduced Intramus­
100 
cular fat content of the Longlsslmus dorsl. Protein levels 
from 10 to 16 percent for the growing-finishing pig have con­
siderable more influence, percentage wise, on intramuscular 
fat content than on growth performance or the carcass charac­
teristics of backfat thickness and/or total yield of ham and 
loin. Average Longissimus dorsi fat content of pigs fed 10 
percent dietary protein was 20 percent compared to 11 percent 
for pigs receiving 16 percent dietary protein. 
The lower environmental temperature resulted in signifi­
cantly more feed required per pound of gain, more carcass 
backfat and significant protein x temperature interactions 
were observed with respect to feed efficiency and percent lean 
cuts. 
Levels of dietary whey were without significant effect on 
rate of gain and intramuscular fat content, however, the 4o 
percent level significantly decreased carcass backfat thick­
ness. Levels of androgen and estrogen were without effect on 
growth performance, carcass characteristics and fat content of 
the Longissimus dorsi. 
It was possible to significantly vary early growth rate 
during the baby pig phase by feeding various dietary levels 
of dried skim milk, however, this effect did not carry through 
to affect rate of gain for the entire experimental period. 
The only significant effect observed at market weight as a 
result of early growth rate was decreased carcass backfat 
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thickness in one trial with increased dietary levels of dried 
skim milk. 
Energy level of the dam significantly influenced growth 
rate in one experiment but failed to do so when the experiment 
was replicated. The gestation nutrition program of the dam 
failed to significantly influence any carcass measurements or 
intramuscular fat of the offspring. 
102 
LITERATURE CITED 
Abemathy, R. P., R. P. Sewell and R. L, Tarpley. 1958. 
Interrelationships of protein, lysine and energy in diets 
for growing swine. Journal of Animal Science 17:635-639. 
Acker, D. C., D. V. Catron and V. W. Hays. 1959. lysine and 
methionine supplementation of com-soybean oil meal 
rations for pigs in drylot. Journal of Animal Science 
18:1053-1058. 
Association of Official Agricultural Chemists, i960. 
Official methods of analysis. Washington 4, D. 0. 
Author. 
Aunan, W. J., L. E. Hanson and R. J. Meade. 1961. Influence 
of level of dietary protein on live weight gains and 
carcass characteristics of swine. Journal of Animal 
Science 20:148-153. 
Bailey, 0. B., W. D. Kitts and A. J. Wood. 1956. The 
development of the digestive enzyme system of the pig 
during its pre-weaning phase of growth. B. Intestinal 
lactase, sucrase, and maltase. Canadian Journal of 
Agricultural Science 36:51-58. 
Batcher, 0. M. and E. H. Dawson. I960. Consumer quality of 
selected muscles of raw and cooked pork. Food Technology 
14:69-72. 
Batcher, 0. M., E. H. Dawson, G. L. Gilpin and J. N. Elsen. 
1962. Good eating quality in lean pork roasts. Washing­
ton, D. C. Agriculture Research, U. S. Department of 
Agriculture. 
Beacomy S. E. 1959a. Chlortetracycline and protein level in 
rations for market hogs. II. Effect on carcass quality. 
Canadian Journal of Animal Science 39:79-83. 
Beacom, S. E. 1959b. Chlortetracycline and protein level in 
rations for market hogs. I. Effect on rate of gain and 
efficiency of feed utilization. Canadian Journal of 
Animal Science 39:71-78. 
Becker, D. E., A. H. Jensen and B. C. Breidensteln. 1962. 
Limited feeding for finishing pigs. University of 
Illinois Animal Science Department Mimeograph Animal 
Science 571. 
103 
Becker, D. B. and S. W. Terrlll. 1954. Various carbohydrates 
in a semi-purified diet for the growing pig. Archives 
of Biochemistry and Biophysics 50:399-^03. 
Becker, D. B., S. W. Terrlll, A. H. Jensen and L. J. Hanson. 
1957. High levels of dried whey powder in the diet of 
swine. Journal of Animal Science 16:4o4-4l2. 
Beeson, W. M., P. N. Andrews, T. W. Perry and Martin Stob. 
1955. The effect of orally administered stilbestrol and 
testosterone on growth and carcass composition of swine. 
Journal of Animal Science l4;475-481. 
Boaz, T. G. and ?. W. H. Elsley. 1962. The growth and car­
cass quality of bacon pigs reared to different weights 
at 56 days old. Animal Production 4:13-24. 
Bowland, J. P., P. V. MacHardy and V. E. Mendel. 1961. 
Bffect of winter climate and type of shelter on growing-
finishing swine. University of Alberta [Canada j Annual 
Feeders' Day 40:7-10. 
Bowman, G. H., J. A. Whatley, Jr. and L. B. Walters. 1962a. 
Physical indices of leanness of swine. Journal of 
Animal Science 21:955-959. 
Bowman, G, H, J. A. Whatley, Jr. and L. E. Walters. 1962b. . 
Separation and measuring errors in swine carcasses. 
Journal of Animal Science 21:950-954. 
Bratzler, L. J., E. P. Soule, Jr., B. P. Reineka and Pauline 
Paul. 1954. The effect of testosterone and castration 
on the growth and carcass characteristics of swine. 
Journal of Animal Science 13:171-176. 
Braude, R., P. M. Clarke, K. G. Mitchell, A. S. Cray, A. 
Pranke and P. H. Sedgwick. 1957. Unrestricted whey for 
fattening pigs. Journal of Agricultural Science 49:347-
356. 
Bray, R. W« 1963. Symposium on feed and meats terminology. 
IV. Quantitative measures of carcass composition and 
qualitative evaluations. Journal of Animal Science 
22:548-554. 
Briskey, E. J., R. W. Bray, W. G. Hoekstra, P. H. Phillips and 
R. H. Grummer. i960. Effect of high protein, high fat 
and high sucrose rations on the water-binding and asso­
ciated properties of pork muscle. Journal of Animal 
Science 19:4o4-4ll. 
104 
Bro-wn, B. J., J. 0. Hilller and J. A. Whatley. 1951. 
Specific gravity as a measure of the fat content of the 
pork carcass. Journal of Animal Science 19:97-103. 
Carpenter, Z. L., R. W. Bray, E. J. Briskey and D. H. Traeder. 
1961. Intramuscular fat distribution in the longissimus 
dorsi of paired pork loins. Journal of Animal Science 
20:603-605. 
Carroll, W. B., ¥. P. Garrigus, H. H. Mitchell, T. S. Mitchell 
and W. T. Haines. 1936. Protein in ration influences 
composition of pork. Illinois Agricultural Experiment 
Station Annual Report, 1935/1936:93-96. 
Catron, D. 7., D. C. Acker, G. C. Ashton, H. M. Maddock and 
V. C. Speer. 1953. lysine and/or methionine supple­
mentation of corn-soybean oil meal rations for pigs in 
drylot. (Abstract) Journal of Animal Science 12:910. 
Clark, A. J. 1962. Protein and energy levels in swine ra­
tions. Unpublished M.S. thesis. Ames, Iowa. Library, 
Iowa State University of Science and Technology. 
Clawson, A. J., B. E. Sheffy and J. T. Reid. 1955. Some 
effects of feeding chlortetracycline upon the carcass 
characteristics and the body composition of swine and a 
scheme for the resolution of the body composition. 
Journal of Animal Science 14:1122-1132. 
Cunningham, H. M., D. W. Friend and J. W. G. Nicholson. 1962. 
Efficiency of conversion of protein, energy and carbon 
in pigs restricted late In the fattening period. 
Canadian Journal of Animal Science 42:176-182. 
Daniel, F. K. and E. H. Harvey. 194%. Some observations on 
the nutritional value of dlalyzed whey solids. Journal 
of Nutrition 33:429-436. 
DePape, J. G. and J. A. Waatley, Jr. 1956. Live hog probes 
at various sites, weights and ages as indicators of car­
cass merit. Journal of Animal Science 15:1029-1035. 
Durham, R. M. and J. H. Zeller. 1955. Usiiig the probing 
technique In selecting breeding swine on farms. 
(Abstract) Journal of Animal Science 14:1100. 
Ellis, N. R. and J. H. Zeller. 1931. Utilization of feed by 
swine as affected by the level of Intake. American 
Society of Animal Production Proceedings 270-274. 
105 
Poster, J. R. I960. Effect of nutrition on carcass leanness 
in swine. Unpublished Ph.D. thesis. Ames, Iowa. 
Library, Iowa State University of Science and Technology. 
Frobish, L. T. 1964. Effect of protein and energy on 
reproductive performance in swine. Unpublished M.S. 
thesis. Ames, Iowa. Library, Iowa State University of 
Science and Technology. 
Gnaedinger, R. H., A. M. Pearson, E. P. Reineke and V. M. Hix. 
1963. Body composition of market weight pigs. Journal 
of Animal Science 22:495-500. 
Grant, Ralph, R. B. Comstock, R. J. Meade and L. E. Hanson. 
1958. The influence of protein content of the ration 
upon performance of growing-finishing swine and carcass 
quality. Minnesota Swine Feeders' Day 36:21-23. 
Hale, 0. M., W. 0. McOormick and D. W. Beardsley. I960. 
Response of pigs to diethylstilbestrol and testosterone 
fed in diets high and low in energy and protein. 
(Abstract) Journal of Animal Science 19:646. 
Hanke, H., R. E. Comstock, W. E. Rempel, R. J. Meade and L.  E. 
Hanson. 1958. The effect of protein content of the 
ration and method of feeding upon performance of growing-
finishing swine. Minnesota Swine Feeders' Day 36:24-2?. 
Hanson, L. E., W. J. Aunan and R. J. Meade. 1957. The 
influence of protein content of the ration on gain and 
carcass quality of pigs. Minnesota Swine Feeders' Day 
35:20-23. 
Hanson, I. E., E. P. Ferrin, P. A. Anderson and W. J. Aunan. 
1955. Growth and carcass characteristics of pigs fed 
antibiotic for part or all of the growing-fattening 
period. Journal of Animal Science 14:30-42. 
Harrington, G. and A. M. Pearson. I960. Chew count as a 
measure of tenderness in pork loins of varying degrees 
of marbling. (Abstract) Journal of Animal Science 
19:1235. 
Hays, V. W., V. C. Speer, P. A, Hartman and D. V. Catron. 
1959. The effect of age and supplemental amino acids on 
the utilization of milk and soya protein by the young 
pig. Journal of Nutrition 69:179-184. 
106 
Heidenreich, 0. J., J. ?. Lasley, D. E. Brady and L. P. 
Trlbble. 1955. The relative importance of various live-
hog measurements in predicting carcass value. (Abstract) 
Journal of Animal Science 14:1183. 
Heitman, Hubert, Jr., C. P. Kelly and T. E. Bond. 1958. 
Ambient air temperature and weight gain in swine. 
Journal of Animal Science 17:62-6?. 
Henry, W. E., L. J. Bratzler and R. W. Luecke. 1963. Physi­
cal and chemical relationships of pork carcasses. Jour­
nal of Animal Science 22:613-616. 
Hilditch, T. P., C. H. Lea and W. H. Pedelty. 1939. The 
influence of low and high planes of nutrition on the 
composition and synthesis of fat in the pig. Biochemical 
Journal 33:493-504. 
Holme, D. W., W. B. Ooey and K. L. Robinson. 1963. The 
prediction of pig carcass composition from measurements 
of carcass density. Journal of Agricultural Science 
61:9-17. 
Hudman, D. B. 1956. Evaluation of carbohydrates for baby 
pigs. Unpublished M.S. thesis. Ames, Iowa, library, 
Iowa State University of Science and Technology. 
Hudman, D. B. and E. R. Peo, Jr. I960. Carcass character­
istics of swine as influenced by levels of protein fed 
on pasture and in dry lot. Journal of Animal Science 
19.943-947. 
Ivos, J. and A. Asa]. 1959. Influence of climatic conditions 
on fattening of pigs in winter. (Abstract) Nutrition 
Reviews 29:698. 
Judge, M. D., V. R. Cahill, L. E. Kunkle and P. W. Deatherage. 
i960. Pork quality. II. Physical, chemical and 
organoleptic relationships in fresh pork. Journal of 
Animal Science 19:145-149. 
Kauffman, R. G. 1959. Techniques of measuring some quality 
characteristics in pork. Annual Reciprocal Conference 
Proceedings 12:154. 
Kauffman, R. G., Z. L. Carpenter, R. W. Bray and W. G. 
Hoekstra. 1964. Biochemical properties of pork and 
their relationship to quality. II. Intramuscular fat. 
Journal of Food Science 12:70-74. 
107 
Kelly, R. F., R. W. Bray and P. H. Phillips. 1957. The 
influence of chlortetracycline supplementation of the 
ration on distribution, quantity and quality of fat 
deposited in swine. I. Metabolic effect in relation to 
carcass composition. Journal of Animal Science 16:74-84. 
Kelly, R. P., J. 0. Taylor and Paul P. Graham. I960. Pre­
liminary comparisons of a new tenderness measuring device 
with objective and subjective evaluation of beef. 
(Abstract) Journal of Animal Science 19:645. 
Kline, B. A. and L. N. Hazel. 1955. Loin area at tenth and 
last rib as related to leanness of pork carcasses. 
Journal of Animal Science 14:659-663. 
Kline, E. A., J. Kastelic, L. V. Quinn, P. G. Homeyer and D. 
V. Catron. 1952. The influence of feeding vitamin 
cobalt and antibiotics on the composition of pork 
tissue. (Abstract) Journal of Animal Science 11:750. 
Koch, R. N., E. W. Schleicher and V. H. Arthaud. 1958. The 
accuracy of weights and gains of beef cattle. Journal 
of Animal Science 17:604-611. 
Krider, J. L., D. E. Becker, L. V. Ourtin and R. F. VanPoucke. 
1949. Dried whey products in drylot rations for weaning 
pigs. Journal of Animal Science 8:112-120. 
Kropf, D. H., R. ff. Bray, P. H. Phillips and R. H. Grummer. 
1959. Effect of protein level and quality in swine 
rations upon growth and carcass development. Journal of 
Animal Science 18:755-762. 
Kropf, D. H. and R. L. Graf. 1959. Interrelationships of 
subjective, chemical, and sensory evaluations of beef 
quality. Food Technology 13:492-495. 
Lowrey, R. S., W. G. Pond, J. K. loosli and R. H. Barnes. 
1963. Effect of dietary protein and fat on growth, 
protein utilization and carcass composition of pigs fed 
purified diets. Journal of Animal Science 22:109-114. 
Lucas, I. A. M., A. P. 0. Oalder and H. Smith. 1959. The 
early weaning of pigs. VI. The effects of early weaning 
and of various growth curves before 50 lb. live weight 
upon subsequent performance and carcass quality. Journal 
of Agricultural Science 53:136-144. 
108 
Lucas, I. A. M., I. McDonald and A. P. 0. Oalder. I960. Some 
further observations upon the effects of varying the 
plane of feeding for pigs between weaning and bacon 
weight. Journal of Agricultural Science 54:81-99. 
MacKay, V. G., R. T. Berg and P. V. MacHardy. I960. Effect 
of winter climate and type of shelter on growing-finish­
ing swine. University of Alberta [Canada ] Annual 
Feeders' Day 39:7-10. 
Mangold, D. W., T. B. Hazen, V. W. Hays and V. 0. Speer. 
i960. Effect of air temperature on performance of 
growing-finishing pigs. (Abstract) Journal of Animal 
Science 19:1327. 
McMeekan, 0. P. 1940a. Growth and development in the pig, 
with special reference to carcass quality characters. I. 
Journal of Agricultural Science 30:276-345. 
McMeekan, 0. P. 1940b. Growth and development in the pig, 
with special reference to carcass quality characters. 
II. The influence of the plane of nutrition on growth 
and development. Journal of Agricultural Science 
30:387-436. 
McMeekan, 0. P. 1940c. Growth and development in the pig, 
with special reference to carcass quality characters. 
III. Effect of the plane of nutrition on the form and 
composition of the bacon pig. Journal of Agricultural 
Science 30:511-569. 
Mente, G. A. 1963. Effect of an androgen (Halotestin) on 
performance and carcass characteristics of swine. 
Unpublished M.S. thesis. Ames, Iowa. Library, Iowa 
State University of Science and Technology. 
Merkel, R. A., R. W. Bray, R. H. Grummer, P. H. Phillips and 
G. Bohstedt. 1958. The influence of limited feeding, 
using high fiber rations, upon growth and carcass 
characteristics of swine. II. Effects upon carcass 
characteristics. Journal of Animal Science 17:13-19. 
Meyer, J. H., G. P. Lofgreen and W. N. Garrett. I960. A 
proposed method for removing sources of error in beef 
cattle feeding experiments. Journal of Animal Science 
19:1123-1131. 
109 
Murphy, Minerva 0. and Agnes Prances Carlin. 1961. Relation 
of marbling, cooking yield, and eating quality of pork 
chops to backfat thickness on hog carcasses. Food 
Technology 15:57-63. 
Naumann, H. D., V. J. Rhodes and J. D. Volk. i960. Sensory 
attributes of pork differing in marbling and firmness. 
(Abstract) Journal of Animal Science 19:12^0. 
Nielson, H. B. I960. Lysine supplementation of com and 
barley base diets for swine. Unpublished M.S. thesis. 
Ames, Iowa. Library, Iowa State University of Science 
and Technology. 
North Central Livestock Marketing Research Committee. 1952. 
Objective carcass grade standard for slaughter hogs. 
Minnesota Agricultural Experiment Station Bulletin 4l4. 
Osinska, Zofia. 1962. Estimation of protein, chemical fat 
and energy content in pigs. Animal Production 4:391-398. 
Pearson, A, M., L. J. Bratzler and W. T. Magee. 1958a. Some 
simple cut ideas for predicting carcass traits of swine. 
I. Cut-out and loin lean area. Journal of Animal 
Science 17:20-26. 
Pearson, A. M., L. J. Bratzler and W. T. Magee. 1958b. Some 
simple cut indices for predicting carcass traits of 
swine. II. Supplementary measures of leanness. Journal 
of Animal Science 17:27-33. 
Pearson, A. M., R. J. Deans and L. J. Bratzler. 1959. Some 
lumbar lean measures as related to swine carcass cut-outs 
and loin eye area. Journal of Animal Science 18:1087-
1093. 
Perry, T. W., W. M. Beeson and B. W. Vosteen. 1953. The 
effect of an antibiotic or a surfactant on the growth and 
carcass composition of swine. Journal of Animal Science 
12:310-315. 
Pickett, R. A., J. R. Poster and D. H. Bache. 1963. Peed 
limitation on performance and carcass characteristics of 
finishing swine. Indiana Agricultural Experiment Station 
Research Progress Report 78. 
110 
Price, J. P., A. M. Pearson and E. J. Benne. 1957. Specific 
gravity and chemical composition of the untrimmed ham as 
related to leanness of pork carcasses. Journal of Animal 
Science 16:85-92. 
Reid, J. G., G. H, Wellington and H. 0. Dunn. 1955. Some 
relationships among the major chemical components of the 
bovine "body and their applications to nutritional 
Investigations. Journal of Dairy Science 38:1344-1359. 
Rlggs, L. K., A. Beaty and B. Mallon. 1955. Nutritive value 
of whey powder protein. Journal of Agricultural Food 
Chemistry 3:333-337. 
Roblson, 0. W., A. B. Chapman and H. L. Self. 1960a. Swine 
selection indexes including live animal measurements as 
indicators of carcass merit. Journal of Animal Science 
19:1024-1030. 
Roblson, 0. W., J. H. Cooksey, A. B. Chapman and H. L. Self. 
1960b. Estimation of carcass merit of swine from live 
animal measurements. Journal of Animal Science 19:1013-
1023. 
Saffle, R. L. and L. J. Bratzler. 1959. The effect of fat­
ness on some processing and palatability characteristics 
of pork carcasses. Food Technology 13:236-239. 
Salmela, A. B., R. E. Comstock, W. E. Rempel, R. J. Meade and 
L. E. Hanson. 1958. The influence of protein content of 
the ration upon performance of growing finishing swine 
and upon carcass quality. Minnesota Swine Feeders' Day 
36:34-40. 
Seymour, E. W. 1962. Effects of protein level and environ­
mental temperature on the performance and carcass quality 
of swine. Unpublished M.S. thesis. Ames, Iowa. Library, 
Iowa State University of Science and Technology. 
Smith, E. and I. A. M. Lucas. 1957. The early weaning of 
pigs. III. The influence of protein supply during two 
stages of growth on the performance of pigs from 9 lb. 
to bacon weight. Journal of Agricultural Science 
47:409-418. 
Snedecor, G. If. 1956. Statistical methods. 5th ed. Ames, 
Iowa. Iowa State College Press. 
Ill 
Stevenson, J. W., R. J. Davey and R. L. Hiner. i960. Some 
effects of dietary levels of protein and alfalfa meal and 
of antibiotics supplementation on growth, feed efficiency 
and carcass characteristics in swine. Journal of Animal 
Science 19:887-897. 
Thrasher, D. M. and A. M. Mullins. 1963. Effect of re­
stricted feeding and frequency of feeding on performance 
and carcass merit of finishing pigs. Louisiana State 
University Animal Science Department Animal Science 
Mimeograph Circular 63-9. 
Thrasher, G. W,, T. W. Perry, P. N. Andrews, W. M. Beeson and 
M. Stob. 1959. The effect of estrogenic and androgenic 
compounds upon growth and carcass composition of swine. 
Journal of Animal Science 18:399-409. 
Wagner, G. R. I960. Lysine and methionine supplementation 
for baby pigs. Unpublished M.S. thesis. Lincoln, 
Nebraska. Love Memorial Library, University of Nebraska. 
Wagner, G. R., A. J. Clark, V. W. Hays and V. C. Speer. 1963. 
Effect of protein-energy relationships on the performance 
and carcass quality of growing swine. Journal of Animal 
Science 22:202-208-
Wallace, H. D., A. Z .  Palmer, J. W. Carpenter, N. H. Anh and 
G. E. Combs. 1963a. The influence of feed restriction, 
high level copper supplementation and sex on the feedlot 
performance and carcass characteristics of swine. 
University of Florida Animal Science Department Animal 
Science Mimeograph Series Number 63-16. 
Wallace, H. D., M. E. Palmer, A. Z. Palmer, J. W. Carpenter 
and G. E. Combs. 1963b. The influence of protein level 
on feedlot performance and carcass characteristics of 
barrows and gilts. University of Florida Animal Science 
Department Animal Science Mimeograph Report An64-7. 
Warner, K. P., N. R. Ellis and P. E. Howe. 1934. Cutting 
yield of hogs as an index of fatness. Journal of 
Agricultural Research 48:241-255. 
Whiteker, M. D., H. Brown, C. E. Bamhart, J. D. Kemp and W. 
I. Vamey. 1959. Effects of methylandrostenediol, 
methyltestosterone and thyroprotein on growth and carcass 
characteristics of swine. Journal of Animal Science 
18:1189-1195. 
112 
Whiteman, J. V., P. P. Logglns, Doyle Chambers, L. S. Pope 
and D. P. Stephens. 1954. Some sources of error In 
weighing steers off grass. Journal of Animal Science 
13:832-842. 
Whiteman, J. V., J. A. Uhatley and J. 0. Sillier. 1953. A 
further investigation of specific gravity as a measure 
of port carcass value. Journal of Animal Science 12:859-
869. 
Woehling, H, L., George D. Wilson, R. H. Grummer, R. W. Bray 
and L. E. Casida. 1951. Effects of stilbestrol and 
testosterone pellets implanted into growing-fattening 
pigs. Journal of Animal Science 10:889-892, 
Zessin, Barrel A., Carol V. Pohl, G. D. %lson, C. Edith Weir, 
B. C. Breidenstein, B. B. Breidenstein and D. S. Garrigan. 
I96I. Effect of pre-slaughter dietary stress on the 
carcass characteristics and palatability of pork. 
Journal of Animal Science 20:871-875. 
Zobrisky, S. E., D. E. Brady, J. P. Lasley and L. A. Weaver. 
1959. Significant relationships in pork carcass evalua­
tion. I. Lean cuts as criteria for live hog value. 
Journal of Animal Science 18:420-426. 
113 
ACKNOWLEDGMENT 
It is impossible to express gratitude to all persons 
involved in a thesis study such as this, however, certain 
individuals put forth extra effort to make this thesis possi­
ble. For this, special thanks are extended to Mrs. Marie 
Wesack, Dr. Virgil Hays, Dr. Duane Acker and Dr. Roger 
Mitchell. 
114 
APPENDIX 
Table 11. Composition of trace mineral premix (35-0-41) 
Percent in Parts per million 
Element premix added to ration* 
Iron 7.000 70.4 
Copper 0.475 4.8 
Cobalt 0.166 1.7 
Manganese 5.680 56.8 
Zinc 8.100 81.0 
Potassium 0.750 7.5 
Calcium 5.280 
*Por a level of 0.10 percent of ration. 
Table 12. Oomposition of rations for Experiment 6303^ 
Ration 
Ingredient 
12% 14% 16% 12% + lh% + 16% + 
protein protein protein lysine lysine lysine 
Ground yellow com 87.00 82.25 77.75 86.75 82.00 77.50 
Solvent soybean mean (50% protein) 8.50 13.30 17.90 8.50 13.30 17.90 
Calcium carbonate (38^ calcium) 0.65 0.70 0.75 0.65 0.70 0.75 
Dicalcium phosphate {26% calcium 
and 18% phosphorus) 1.25 1.15 1.00 1.25 1.15 1.00 
Iodized salt 0.50 0.50 0.50 0.50 0.50 0.50 
Trace mineral premix (35-C-41)" 0.10 0.10 0.10 0.10 0.10 0.10 
Vitamin-antibiotic premix® 2.00 2.00 2.00 2.00 2.00 2.00 
lysine supplement^ 0.00 0.00 0.00 0.25 0.25 0.25 
Total (lb.) 100.00 100.00 100.00 100.00 100.00 100.00 
Calculated lysine {%) 0.43 0.58 0.72 0.48 0.63 0.77 
Assayed lysine (^)e 0.48 0.62 0.75 0.52 0.67 0.78 
^Calculated analysis presented in Table 13. 
^Composition presented in Table 11. 
^Composition presented in Table l4 (com carrier). 
"^Contained 20% L-lysine. 
®Assay conducted by Merck Sharp and Dohme research laboratories. 
116 
Table 13. Calculated analysis of basal rations for Experi­
ments 6303 and 6316 
Ration 
lo2 1# 14% 16% 
Item protein protein protein protei] 
Protein % 10.10 11.99 14.02 15.99 
Calcium i 0.60 0.60 0.61 0.59 Phosphorus % 0.50 0.50 0.50 0.50 
Vitamin A I.U./lb. 1916 1870 1822 1778 
Vitamin D2 I.U./lb. 300 300 300 300 
Riboflavin mg./lb. 2.5 2.5 2.6 2.6 
Pantothenic acid mg./lb. 6.2 6.4 6.6 6.8 
Niacin mg./lb. 18.2 18.2 18.2 18.2 
Choline mg./lb. 233.0 285.0 337.0 389.0 
Vitamin meg./lb. 10.0 10.0 10.0 10.0 
Chlortetracyline mg./lb. 20.0 20.0 20.0 20.0 
Table l4. Amounts of vitamins and antibiotics added per 
pound of complete ration for Experiments 6303, 
6316, 1142, and 1163 
Item 
Vitamin A I.U. 
Vitamin D2 I.U. 
Riboflavin mg. 
Calcium pantothenate mg. 
Kiacln mg. 
Vitamin meg. 
Ohlortetracycline mg. 
Experiments Experiments 
6303 and 6316 1142 and 1163 
1000 1000 
300 300 
2.0 2.0 
4.0 4.0 
9.0 9.0 
10.0 10.0 
20.0 25.0 
Table 15. Composition of rations for Experiment 6316®-
Ration 
Ingredient 
Ground yellow com 
Solvent soybean meal (50JÈ protein) 
Calcium carbonate (385® calcium) 
Dicalcium phosphate (26# calcium 
and 18# phosphorus) 
Iodized salt 
Trace mineral premix (35-0-4i)° 
Vitamin-Antibiotic premix® 
lysine supplement" 
Total (lb.) 
Calculated lysine (#) 
Assayed lysine (#)® 
10# 12# 14% 10# + 12# + 14% + 
protein protein protein lysine lysine lysine 
91.60 87.00 82.25 91.35 86.75 82.00 
3.85 8.50 13.30 3.85 8.50 13.30 
0.60 0.65 0.70 0.60 0.65 0.70 
1.35 1.25 1.15 1.35 1.25 1.15 
0.50 0.50 0.50 0.50 0.50 0.50 
0.10 0.10 0.10 0.10 0.10 0.10 
2.00 2.00 2.00 2.00 2.00 2.00 
0.00 0.00 0.00 0.25 0.25 0.25 
100.00 100.00 100.00 100.00 100.00 100.00 
0.29 
0.39 
0.43 
0.48 
0.58 
0.58 
0.34 
0.41 
0.48 
0.54 
0.63 
0.68 
Calculated analysis presented in Table 13. 
^Composition presented in Table 11. 
^Composition presented in Table l4 (com carrier). 
^Contained 20# L-lysine. 
®Assay conducted by Merck Sharp and Dohme research laboratories. 
Table 16. Composition of rations for Experiment 1130* 
Ration {% protein) 
Ingredi ent 20 16 17 13 14 10 
Ground yellow com 51.70 61.20 75.10 84.70 81.90 91.80 
Solvent soybean meal {50% protein) 27.00 17.40 20.40 10.70 13.50 3.50 
Dried irtiey {70% lactose) 15.00 15.00 0.00 0.00 0.00 0.00 
Stabilized lard 2.00 2.00 0.00 0.00 0.00 0.00 
Calcium carbonate {38% calcium) 0.75 0.65 0.85 0.80 0.80 0.70 
Dicaloium phosphate {26% calcium and 
1.4o 18JÉ phosphorus) 0.85 1.05 1.05 1.20 1.20 
Iodized salt 0.50 0.50 0.50 0.50 0.50 0.50 
Trace mineral premix (35-0-41)" 0.20 0.20 0.10 0.10 0.10 0.10 
Vitamin-JLntibiotic premix*^ 2.00 2.00 2.00 2.00 2.00 2.00 
Total (lb.) 100.00 100.00 100.00 100.00 100.00 100.00 
^'Calculated analysis presented in Table 1?. 
^Calculated analysis presented in Table 11. 
^Composition presented in Table 18 (com carrier). 
Table 17. Calculated analysis of rations for Experiment 1130 
Ration protein) 
Item 20 16 17 13 14 10 
Protein % 20.00 16.03 17.00 13.00 14.00 10.00 
Calcium % 0.70 0.70 0.66 0.66 0.66 0.65 
Phosphorus % 0.55 0.55 0.50 0.50 0.51 0.50 
Vitamin A I.U./lb. 3000 3000 1750 I860 1830 1938 
Vitamin Dg I.U./lb. 500 500 200 200 200 200 
Riboflavin mg./lb. 5 5 2 2 2 2 
Pantothenic acid mg./lb. 10 10 5 5 5 5 
Niacin mg./lb. 30 30 15 15 15 15 
Choline mg./lb. 589 487 419 312 343 233 
Vitamin meg./lb. 20 20 5 5 5 5 
Chlortetracycline mg./lb. 25 25 10 10 10 10 
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Table 18. Amounts of vitamins and antibiotics added per 
pound of complete ration for Experiment 1130 
Ration protein) 
Item 20 16 17 13 14 10 
Vitamin A I.U. 2466 2371 1000 1000 1000 1000 
Vitamin Dg I.U. 500 500 200 200 200 200 
Riboflavin mg. 2.0 2.0 1.4o 1.40 1.40 1.40 
Calcium 
pantothenate mg. 4.0 4.0 2.80 2.80 2.80 2.80 
Niacin mg. 9.0 9.0 6.30 6.30 6.30 6.30 
Vitamin meg. 20.0 20.0 5.0 5.0 5.0 5.0 
Chlortetracycline mg. 25.0 25.0 10.0 10.0 10.0 10.0 
Table 19. Composition of rations for Experiment 1156^ (baby pig phase) 
Level of dried skim milk (.%) 
Ingredient 0 10 20 30 4o 
Ground yellow com 61. 50 57. 80 54.05 50. 35 46. 65 
Solvent soybean meal (50/é protein) 28. 70 22. 80 16.90 11. 00 5. 10 
Dried skim milk (low heat, spray dried) 0. 00 10. 00 20.00 30. 00 40. 00 
Sucrose 5. 00 5. 00 5.00 5. 00 5. 00 
Calcium carbonate (38^ calcium) 0. 70 0. 60 0.50 0. 4o 0. 25 
Dicalcium phosphate (26# calcium and 
phosphorus) 1. 40 1. 10 0.85 0. 55 0. 30 
Iodized salt 0. 50 0. 50 0.50 0. 50 0. 50 
Trace mineral premix (35-C-41)" 0. 20 0. 20 0.20 0. 20 0. 20 
Vitamin-Antibiotic premix^ 2. 00 2. 00 2.00 2. 00 2. 00 
Total (lb.) o
 
o
 
00 100. 00 100.00 o
 
o
 
00 100. 00 
^Calculated analysis presented in Table 20. 
^Composition presented in Table 11. 
^Composition presented in Table 21 (com carrier). 
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Table 20. Calculated analysis of rations for Experiment 1156 
(baby pig phase) 
Item 
Level of dried skim milk (%) 
0 To io^ 35 40" 
Protein 20.09 20.07 20.04 20.01 19.98 
Calcium i 0.70 0.70 0.71 0.71 0.70 Phosphorus % 0.60 0.60 0.60 0.60 0.61 
Vitamin A I.U. /lb. 2615 2578 2541 2504 2466 
Vitamin Do I.U. /lb. 500 500 500 500 500 
Riboflavin mg./ lb. 4.6 5.5 6.3 7.1 7.9 
Panthothenio acid mg./lb. 11.1 10.6 13.2 14.3 15.3 
Niacin mg./lb. 26.7 25.8 25.9 25.4 25.0 
Choline mg./lb. 632 812 728 794 760 
Vitamin meg. /lb. 20 20 20 20 20 
Chlortetracycline mg./ 'lb. 50 50 50 50 50 
Table 21. Amounts of vitamins and antibiotic added per pound 
of complete ration for Experiment 1156 (baby pig 
phase) 
Ration 
Item Control DSM 
Vitamin A I.U. 2000 2000 
Vitamin Dg I.U. 500 500 
Riboflavin mg. 4.0 4.0 
Calcium pantothenate mg. 8.0 8.0 
Niacin mg. 18.0 18.0 
Choline mg. 136.0 400.0 
Vitamin meg. 20.0 20.0 
Chlortetracycline mg. 50.0 50.0 
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Table 22. Composition of rations for Experiment 1156 
(growing and finishing period) 
Ration 
Ingredient Growing®" Finishing^ 
Ground yellow com 76.25 81.04 
Solvent soybean meal® 17.00 16.00 
Dried -vriaey {70% lactose) 2.50 0.00 
Meat and bone scraps (50^ protein) 2.50 0.00 
Calcium carbonate (38# calcium) 0.60 0.80 
Dicalcium phosphate (26# calcium 
and 18# phosphorus) 0.55 1.40 
Iodized salt 0.50 0.50 
Trace mineral premix (35-C-4l)^ 0.10 0.10 
Merck 84 premix® 0.05 0.05 
Vitamin ©2 (gm.)^ 0.35 0.15 
Vitamin premix® 0.025 0.025 
Chlortetracycline (10 mg./lb.) 0.25 0.20 
^16^ calculated protein. 
^l4% calculated protein. 
protein for growing stage and 44^ for the finishing 
stage. 
^Composition given in Table 11. 
^Riboflavin, 4.0 gm./lb.; calcium pantothenate, 8.0 
gm./lb.; niacin, 18.0 gm./lb. 
^142,000 I.U./gm. 
^20 mg./lb. of premix. 
Table 23. Composition of rations for Experiments 6321 and 6330^ 
Ingredient 
Baby 
High 
quality 
pig 
Low 
quality 
Growing-FinishinK 
High Low 
protein protein 
Ground yellow com 39.85 52.90 77.75 87.00 
Solvent soybean meal {50% protein) 9.80 30.40 17.90 8.50 
Dried skim milk (low heat, spray dried) 35.00 0.00 0.00 0.00 
Beet pulp 2.00 2.00 0.00 0.00 
Sucrose 10.00 10.00 0.00 0.00 
Calcium carbonate (38^ calcium) 0.25 0.60 0.75 0.65 
Dicaloium phosphate (26/^ calcium and 
18JÉ phosphorus) 0.50 1.50 1.00 1.25 
Iodized salt , 0.50 0.50 0.50 0.50 
Trace mineral premix (35-C-41) 0.10 0.10 0.10 0.10 
Vitamin-Antibiotic premix^ 2.00 2.00 2.00 2.00 
Total (lb.) 100.0 100.0 ,100.0 100.0 
^Calculated analysis presented in Table 24. 
^Composition presented in Table 11. 
^Composition presented in Table 25 (com carrier). 
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Table 24. Calculated analysis of rations for Experiments 
6321 and 6330 
Growing-
Baby pig Finishing 
High Low High Low 
Item quality quality protein protein 
Protein i 20.02 20.02 15.99 11.99 Calcium i 0.70 0.70 0.59 0.60 Phosphorus % 0.61 0.60 0.50 0.50 
Vitamin A I.U./lb. 2412 2542 1778 1870 
Vitamin Dg I.U./lb. 500 500 300 300 
Riboflavin mg./lb. 6.5 6.6 2.6 2.5 
Pantothenic acid mg./lb. 12.8 15.0 6.8 6.4 
Niacin mg./lb. 20.3 35.3 18.2 18.2 
Choline mg./lb. 502.0 511.0 389.0 285.0 
Vitamin B12 meg./lb. 20.0 20.0 10.0 10.0 
Ohlortetracycline mg./lb. 50.0 50.0 0.0 0.0 
Tylosin mg./lb. 0.0 0.0 25.0 25.0 
Table 25. Amounts of vitamins and antibiotics added per pound 
of complete ration for Experiments 6321 and 6330 
Baby pig Growing-Finishing 
Item High Eôw 
quality quality 
Vitamin A I.U. 2000 2000 1000 
Vitamin Do I.U. 500 500 300 
Riboflavin mg. 3.0 6.0 2.0 
Calcium 
pantothenate mg. 6.0 12.0 4.0 
Niacin mg. 14.0 27.0 9.0 
Choline mg. 110.0 0.0 0.0 
Vitamin Bi? meg. 20.0 20.0 10.0 
Chlortetracycline mg. 50.0 50.0 0.0 
Tylosin mg. 0.0 0.0 25.0 
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Table 26. Composition of rations for Experiment 1142& 
Ingredient 
Level 
0 
of whey 
20 
Ground yellow com 18.90 64.40 47.10 
Solvent soybean meal (50# protein) 13.50 11.80 9.90 
Dried whey (70% lactose) 0.00 20.00 40.00 
Calcium carbonate (38# calcium) 0.80 0.70 0.65 
Dicalcium phosphate (26# calcium 
and 18# phosphorus) 1.20 0.75 0.25 
Iodized salt , 0.50 0.25 0.00 
Trace mineral premix (35-C-41) 0.10 0.10 0.10 
Vitamin-Antibiotic premix® 2.00 2.00 2.00 
Total (lb.) 100.00 100.00 100.00 
^•Calculated analysis presented in Table 27. 
^Composition presented in Table 11. 
^Composition presented in Table l4 (com carrier). 
Table 27. Calculated analysis of rations for Experiment 1142 
Level of whey (%) 
Item Ô 20 4^ 
Protein # 13.96 14.01 13.97 
Calcium # 0.66 0.66 0.66 
Phosphorus # 0.51 0.52 0.51 
Vitamin A I.U./lb. 1839 1664 1491 
Vitamin D2 I.U./lb. 300 300 300 
Riboflavin mg./lb. 2.6 4.9 7.2 
Pantothenic acid mg./lb. 6.7 11.0 15.3 
Niacin mg./lb. 18.4 17.6 16.9 
Choline mg./lb. 343.0 546.0 747.0 
Vitamin meg./lb. 10.0 10.0 10.0 
Chlortetracycline mg./lb. 25.0 25.0 25.0 
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Table 28. Composition of ration for Experiment 1163^ 
Ingredient 
Ground yellow com 83.55 
Solvent soybean meal (50^ protein) 13.50 
Calcium carbonate (38/* protein) 0.80 
Dicalcium phosphate (26% calcium and 1Q% phosphorus) 1.20 
Iodized salt , 0.50 
Trace mineral premix (35-0-41)" 0.10 
Vitamin-Antibiotic premix® 0.35 
Total (lb.) 100.00 
^Calculated analysis presented in Table 29. 
^Composition presented in Table 11. 
^Composition presented in Table l4 (com carrier). 
Table 29. Calculated analysis of ration for Experiment 1163 
Item 
Protein 
Calcium 
Phosphorus 
Vitamin A 
Vitamin Dp 
Riboflavin 
Pantothenic acid 
Niacin 
Choline 
Vitamin 
Chlortetracycline 
% 13.94 i 0.73 % 0.51 
I.U./lb. 1836 
I.U./lb. 300 
mg./lb. 2.6 
mg./lb. 6.6 
mg./lb. 18.4 
mg./lb. 343.0 
meg./lb. 10.0 
mg./lb. 25.0 
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Table 30. Summary of average initial ages and weights of 
experimental animals by experiment 
Experiment number Initial age Initial weight 
(days) (lb.) 
1065 54.4 37.0 
1077 68.0 39.7 
1106 61.2 43.8 
1130 24.2 14.5 
1142 54.8 4o.l 
1156 16.5 10.5 
1163 73.6 71.3 
1164 105.0 104.0 
6303 98.5 96.9 
6316 127.0 123.5 
6321 17.2 10.6 
6330 23.1 9.8 
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Table 31. Experiment 6503 - Summary of daily live-weight 
gain 
Ration 
Protein level 12f 14* 16# 12* + 
lysine 
14* + 
lysine 
16* + 
lysine 
Replication Daily live- weight gain (lb.) 
1 1.75 1.48 1.89 1.82 1.83* 1.4o 
1.50 1.56 1.43 1.75 1.79 1.57 
1.67 1.96 1.66* 1.60 1.80 1.53 
1.79 1.73 1.49 1.60 1.75 1.44 
2 1.89 1.59 1.73 1.69 1.43 1.57 
1.69 1.71 1.94 1.79 1.60 1.57 
1.64 1.95 1.33 1.79 1.79 1.76 
1.80 1.49 1.77 1.76 1.60 1.27 
3 1.57 1.40 1.31 1.80 1.71 1.54 
1.73 1.44 1.56 1.43 1.60 1.37 
1.37 1.60 1.29 1.31 1.51 1.80 
1.36 1.57 1.49 1.32 1.43 1.57 
Average 1.65 1.62 1.57 1.64 1.65 1.53 
^Estimated values (Snedecor, 1956, page 310). 
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Table 32. Experiment 6303 - summary of feed required per 
pound of gain 
Ration 
Protein level 12# 14# 16# 12# + 
lysine 
14# + 
lysine 
16# + 
lysine 
Replication Peed per pound of gain (Ib.)G 
1 3.94 4.08 4.68 4.13 4.25 4.50 
2 3.90 3.86 4.11 4.19 3.90 4.87 
3 4.27 4.18 4.38 4.33 4.12 4.64 
Average 4.o4 4.04 4.39 4.22 4.09 4.67 
^On a pen average basis. 
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Table 33. Experiment 6303 - Summary of carcass baokfat 
thickness (in.) 
Ration 
Protein level 12# 14* 16* 12* + 
lysine 
14* + 
lysine 
16* + 
lysine 
Replication Carcass backfat (in. ) 
1 1.24 1.25 1.30 1.43 1.17^ 1.29 
1.35 1.28 1.43 1.55 1.20 1.37 
1.60 1.42 1.37& 1.23 1.31 1.08 
1.32 1.49 1.45 1.46 1.28 1.56 
2 1.30 1.41 1.33 1.46 1.33 1.33 
1.72 1.26 1.54 1.30 1.48 1.32 
1.42 1.39 1.33 1.30 1.42 1.25 
1.28 1.32 1.26 1.53 1.25 1.40 
3 1.23 1.22 1.33 1.26 1.38 1.30 
1.48 1.29 1.20 1.33 1.15 1.19 
1.33 1.18 1.34 1.26 1.13 1.47 
1.30 1.23 1.10 1.56 1.33 1.32 
Average 1.38 1.31 1.33 1.39 1.28 1.32 
^Estimated values (Snedecor, 1956, page 310). 
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Table 54. Experiment 6505 - Summary of percent ham and loin 
(carcass basis) and dressing percentage 
Ration 
Protein level 12# 14^ 16# 12% + 
lysine 
14# + 
lysine 
16# + 
lysine 
Replication Percent ham and loin 
1 58.18 
40.15 
56.79 
59.25 
56.85 
57.65 
58.01 
57.10 
58.25 
40.22 
59.28* 
57.25 
57.64 
55.24 
58.76 
58.15 
58.52* 
58.89 
58.84 
59.01 
57.65 
57.45 
40.55 
55.87 
2 56.69 
57.19 
55.56 
57.64 
57.25 
41.04 
57.15 
59.15 
58.48 
56.45 
57.79 
58.50 
57.25 
57.14 
57.19 
56.52 
58.79 
56.80 
56.71 
58.62 
59.05 
56.85 
57.14 
57.80 
5 58.57 
58.50 
40.44 
59.68 
59.54 
58.16 
59.58 
57.41 
40.88 
59.50 
58.05 
40.55 
59.26 
57.65 
40.4o 
40.21 
57.55 
59.51 
40.57 
59.57 
57.72 
40.90 
59.58 
56.97 
Average 58.20 58.24 58.75 57.95 58.58 58.11 
Dressing percentage 
1 68.10 
69.06 
68.65 
69.08 
68.81 
68.47 
67.55 
68.66 
68.14 
68.91 
69.27* 
70.18 
68.97 
68.72 
70.59 
70.87 
67.55* 
67.41 
67.65 
69.61 
66.85 
67.16 
69.12 
67.14 
2 68.72 
70.87 
68.64 
70.59 
69.46 
69.90 
67.82 
70.50 
68.72 
69.12 
68.59 
67.41 
68.95 
70.00 
69.17 
70.15 
70.15 
69.25 
69.08 
67.98 
68.75 
69.71 
65.84 
70.97 
5 70.75 
71.01 
68.75 
71.50 
71.25 
70.40 
70.54 
69.15 
72.20 
69.42 
69.61 
70.75 
70.28 
69.66 
72.46 
71.14 
69.52 
68.90 
68.00 
69.50 
70.25 
71.29 
69.85 
69.71 
Average 69.62 69.52 69.56 70.06 68.70 68.88 
^•Estimated values (Snedecor, 1956, page 510). 
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Table 35. Experiment 6303 - Summary of fat and moisture 
content of the Longissimus dorsi muscle®-
Ration 
Protein level 12% 14# 16# 12# + 
lysine 
14# + 
lysine 
16# + 
lysine 
Replication Fat content (^) 
1 18.20 
11.68 
20.09 
17.62 
21.67 
12.66 
19.90 
23.82 
14.64 
11.18, 
14.86^ 
20.90 
19.76^ 
34.48 
32.40 
21.44 
12.99^ 
15.69 
7.59 
7.50 
13.65 
20.30 
8.12 
20.70 
2 25.52 
11.77 
32.66 
24.32 
33.46 
12.64 
21.24 
10.14 
15.82 
20.80 
12.64 
14.45 
14.08 
19.91 
20.55 
20.19 
15.06 
23.44 
14.29 
12.18 
11.10 
26.08 
14.28 
25.58 
3 12.29 
5.88 
13.89 
11.46 
9.45 
15.35 
13.07 
20.28 
7.22 
5.08 
16.62 
9.54 
9.05 
15.94 
12.74 
6.07 
6.79b 
6.93 
7.62 
15.34 
18.89 
10.74 
11.91 
11.75 
Average 17.12 17.81 13.64 18.88 12.12 16.09 
Moisture content {%) 
1 70.98 
70.88 
71.60 
73.14 
71.32 
72.58 
70.79 
71.10 
73.64 
73.14 
71.72° 
69.68 
71.54° 
67.02 
66.02 
70.65 
73.56% 
72.70 
73.50 
74.00 
73.62 
71.55 
74.26 
67.47 
2 69.70 
74.77 
63.92 
70.88 
65.80 
72.04 
72.34 
72.56 
71.40 
71.82 
71.24 
72.54 
71.88 
71.88 
70.72 
70.60 
72.27 
69.61 
71.92 
70.44 
72.12 
70.00 
73.02 
68.50 
3 73.42 
74.75 
71.60 
70.56 
71.62 
70.34 
72.97 
72.74 
71.88 
73.62 
70.47 
73.70 
72.76 
72.71 
71.72 
71.66 
73.77% 
74.34 
74.49 
72.76 
72.50 
72.24 
74.26 
70.64 
Average 71.35 71.35 72.07 70.76 72.78 71.68 
Bfat content on a dry matter basis. 
^Estimated values (Snedecor, 1956, page 310). 
134 
Table 36. Experiment 6303 - Analysis of variance of daily 
lire-weight gain 
Source of 
variation d. f. Mean square 
Total 69 .0324 
Outcome group (OOG) 11 .0495 
Replication (R) 2 .2116^ 
OCG/R 9 .0135 
Treatment (T) 5 .0276 
Protein (P) 2 .0608 
lysine (L) 1 .0008 
P X L 2 .0077 
Residual 53 .0293 
R X T 10 .0284* 
Coefficient of variation {,%) 10.46 
^Denominator mean square for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
Table 37. Experiment 6303 - Analysis of variance of feed per pound of gain, 
dressing percentage, carcass baokfat thickness, percent ham and loin and 
fat and moisture content of the Longissimus dorsi muscle 
Mean squares 
Source of 
variation d. f. 
Peed/gain^ Dressing 
percentage 
Carcass 
baokfat 
Percent 
ham and 
loin 
Fat^ Moisture^ 
Total 69 .0816 1.7116 .0153 1.9432 48.7250 4.5561 
Outcome group 
(GOG) 11 - - 4.4736 .0179 3.7409 73.5958 4.4532 
Replication 
(R) 
OCG/R 
2 .0518 16.44I8*^ .0461^ 15.3804^^ 379.1588** 16.6816* 
9 — — 1.8140 .0117 1.1544 5.6929 1.7358 
Treatment (T) 5 .1871* 2.9333 .0195 1.0524 80.2187 5.8071 
Protein (P) 
lysine (L) 
P X L 
2 
1 
2 
.3827** 
.1300 
.0200 
4.9140 
.8778 
1.9803 
.0463^ 
.0013 
.0018 
.9209 
.5565 
1.4318 
76.1390 
4.3415 
122.2368 
6.8963 
.4125 
7.4153 
Residual 53 - - 1.0231 .0144 1.6541 40.2732 4.4556 
R X T 10 .0348° 1.9050® .0067° 1.5210° 42.2663° 3.3767° 
^Degrees of freedom for feed/gain are total, 17; replication, 2; treatment, 5; 
protein, 2; lysine, 1; protein x lysine, 2 and replication x treatment, 10. 
^Degrees of freedom for ether extract and moisture total are 67 and 51 for 
residual. 
^Denominator mean squares for hypothesis testing. 
Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 38* Experiment 6316 - Summary of daily live-weight 
gain 
Ration 
Protein level 10^ 12* 14# 10# + 
lysine 
12# + 
lysine 
14# + 
lysine 
Replication Daily live-•weight i gain (lb.) 
1 .95 1.11 2.15 .96 2.44 1.59 
1.15 1.85 1.82 1.16 1.81 2.07 
1.44 1.53 1.71& 1.24 1.34 1.71 
1.03 1.83 2.00 1.82 1.69 1.85 
1.16 1.24 1.58 1.19 1.90 1.77 
1.16 1.93 1.37 1.18* 1.40 1.83 
2 1.81 2.02 1.44 1.32 1.83 .83 
1.09 2.02 2.04 2.04 1.84 1.80 
2.00 1.85 1.83 1.69 1.73 1.90 
1.52 2.33 1.94 1.32 2.22 1.62 
1.40 2.08 1.42 1.42 1.85 2.00 
1.42 1.71 2.00 1.57 1.74 1.69 
Average 1.34 1.79 1.78 1.41 1.82 1.72 
^Estimated values (Snedecor, 1956, page 310). 
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Table 59. Experiment 6316 - Summary of carcass backfat 
thickness and feed per pound of gain* 
Ration 
Protein level 10% 12% 14# 10^ + 
lysine 
12^ + 
lysine 
14^ + 
lysine 
Replication Carcass backfat (in. ) 
1 1.42 1.43 1.43 1.55 1.59 1.33 
1.41 1.39 1.24^ 1.65 1.34 1.26 
1.40 1.47 1.38* 1.59 1.11 1.41 
1.52 1.10 1.54 1.51 1.28 1.31 
1.41 1.31 1.36 1.42 1.42 1.37 
1.25 1.67 1.32 1.52& 1.13 1.36 
2 1.55. 1.23 1.59 1.66 1.46 1.53* 
1.49® 1.30 1.38 1.42 1.37 1.70 
1.86 1.33 1.10 1.37 1.67 1.41 
1.29 1.33 1.22 1.39 1.39 1.37 
1.19 1.61 1.68 1.36 1.48 1.36 
1.42 1.43 1.18 1.32 1.43 1.34 
Average 1.43 1.38 1.37 1.48 1.39 l.Ao 
Feed per pound of gain (Ib.)^ 
1 4.81 4.14 3.92 4.94 4.04 3.84 
2 4.56 3.60 3.58 4.32 3.89 4.04 
Average 4.68 3.87 3.75 4.63 3.96 3.94 
^Estimated values (Snedecor, 1956, page 310). 
^On a pen average basis. 
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Table 4o. Experiment 6316 - Summary of percent ham and loin 
(carcass basis) and dressing percentage 
Ration 
Protein level 10% 12% l4^ 10% + 12% + 1^% + 
lysine lysine lysine 
Replication 
1 
2 
Average 
37.98 39.72 
35.97 36.43 
35.49 37.25 
37.25 40.33 
38.07 39.86 
38.00 36.28 
35.03 38.48 
35.54a 38.86 
34.51 38.43 
38.24 37.34 
38.65 37.20 
35.59 37.71 
36.69 38.16 
Percent ham and 
37.48 36.30 
38.66 36.90 
36.54% 36.24 
36.07 36.19 
37.48 38.75 
38.63 37.75% 
36.55 35.11 
36.24 36.78 
39.79 37.24 
40.07 36.92 
36.00 37.83 
39.11 38.25 
37.72 37.02 
loin 
36.53 38.62 
36.80 38.70 
36.18 38.75 
39.45 37.22 
36.20 38.56 
41.09 38.70 
37.13 36.49% 
38.29 34.34 
37.35 38.38 
37.90 38.67 
37.40 36.62 
38.06 40.00 
37.70 37.92 
Dressing percentage 
1 66.34 66.83 66.19 68.18 68.81 ,70.73 
68.47 67.96 65.69 68.93 67.22 67.48 
68.75 69.00 67.10% 69.66 66.67 69.47 
67-93 68.30 68.63 68.59 68.08 68-90 
68.63 71.46 67.80 69.31 69.44 71.50 
66.50 71.43 66.91 68.87* 69.34 66.99 
2 70.05, 66.59 69.27 69.15 69.76 70.51^ 
69.45 68.75 67.20 70.62 71.92 69.41 
69.61 68.78 67.14 70.73 72.60 68.27 
68.60 65.33 68.75 64.21 69.90 71.50 
65.84 68.75 71.43 66.42 68.87 68.72 
68.69 65.50 67.91 67.45 67.52 72.25 
Average 68.24 68.22 67.84 68.51 69.18 69.64 
%Estimated values (Snedecor, 1956, page 310). 
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Table 4l. Experiment 6316 - Summary of fat content of the 
Lonsissimus dorsi muscle^ 
Ration 
Protein level 10^ 12% 14^ 10^ + 
lysine 
12% + 
lysine 
14% + 
lysine 
Replication Pat content {% ) 
1 27.51^ 
21.32 
26.65 
32.79 
16.65 
28.34 
19.46^ 
26.91 
14.36 
7.44 
19.40% 
12.49 
13.66 
13.75, 
13.28% 
18.34 
20.62, 
12.04% 
28.62, 
22.99% 
20.04 
17.88. 
24.79° 
19.71% 
16.14 
12.89, 
11.47% 
13.16 
15.22, 
10.22° 
16.22 
12.60 
12.48 
14.33 
24.57 
8.00 
2 22.28^ 
23.62% 
26.76, 
21.94? 
22.58% 
22.39 
19.39 
13.76 
17.13 
14.08 
13.80 
18.06 
22.02 
10.14 
14.59 
10.14 
9.45 
10.78 
24.17% 
19.03 
14.10 
21.76 
25.82 
22.08 
12.90 
11.59 
13.21 
9.69 
9.11, 
11.44% 
16.54% 
20.13 
9.90 
10.59 
11.28. 
13.35% 
Average 24.40 16.36 14.11 21.75 12.25 14.16 
^Pat content on a dry matter basis. 
^Estimated values (Snedecor, 1956, page 310). 
Table 42. Experiment 6316 - Analysis of variance of daily 
live-weight gain 
Source of 
variation d. f. Mean square 
Total 69 .1312 
Outcome group (OOG) 11 .1113 
Replication (R) 1 .5636 
OCG/R 10 .0661 
Treatment (T) 5 .5270 
Protein (P) 2 1.2944^ 
lysine (L) 1 .0026 
P X L 2 .0216 
Residual 53 .0980 
R X T 5 .1624* 
Coefficient of variation (^) 24.53 
denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
Table 43. Experiment 6316 - Analysis of variance of feed per pound of gain, 
dressing percentage, carcass backfat thickness, percent ham and loin 
and fat content of the Longissimus dorsi muscle 
Mean squares 
Source of d.f. ~ Dressing Carcass Percent 
variation Peed/gain percentage backfat ham and Pat° 
loin 
Total 67 .1931 3.2462 .0240 2.1686 46.2704 
Outcome group (COG) 11 - - 3.0045 .0159 2.5572 23.4247 
Replication 
OCG/R 
(R) 1 
10 
.2408 3.2768 
2.9772 
.0141 
.0161 
1.4792 
2.6650 
45.5058 
21.2166 
Treatment (T) 5 .3331^ 5.4952 .0205 3.7646 279.6159** 
Protein (P) 
lysine (L) 
P X L 
2 
1 
2 
.8087** 
.0176 
.0152 
.9660 
18.4224 
3.5608 
.0426 
.0125 
.0024 
8.3325* 
.0103 
1.0738 
627.3975*^ 
89.7800 • 
26.7522 
Residual 51 — — 3.0778 .0262 1.9283 22.1802 
R X T 5 .0435° 6.4092° .0309° .9623° 1.6469° 
^Degrees of freedom for feed/gain are total, 11; replication, 1; treatment, 5; 
protein, 2; lysine, 1; protein x lysine, 2; and replication x treatment, 5. 
^Degrees of freedom for fat total are 54 and 38 for residual. 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 44. Experiment 1130 - Summary of average temperature 
data 
Week House number 
ending 2 3 4 5 6 8 9 Out-
date High Low temperature High side 
temperature temperature 
11-14-61 50.0 66.5 40.0 
11-21-61 61.0 48.5 45.5 62.0 31.0 
1-28-61 63.0 49.0 47.0 51.0 63.0 63.0 38.0 
12- 4-61 65.0 62.0 49.0 50.0 49.0 44.0 66.0 60.0 40.0 
12-11-61 60.0 56.5 38.0 36.0 37.0 36.0 56.0 59.0 25.0 
12-18-61 61.0 55.0 28.0 29.0 28.0 24.0 53.0 58.0 12.0 
12-25-61 59.0 57.0 32.0 26.0 32.0 30.0 54.0 58.0 --
1- 2-62 60.0 57.0 38.0 26.0 32.0 34.0 54.0 59.0 19.0 
1- 8-62 58.0 56.0 36.0 33.0 35.0 34.0 55.0 57.0 20.0 
1-15-62 54.0 52.0 37.0 24.0 26.0 26.0 45.0 52.0 10.0 
1-22-62 52.0 57.0 27.0 22.0 24.0 23.0 45.0 48.0 1.0 
1-29-62 58.0 58.0 37.0 30.0 34.0 33.0 56.0 58.0 19.0 
2— 5-62 59.0 57.0 42.0 36.0 40.0 38.0 56.0 58.0 24.0 
2-12-62 60.0 61.0 40.0 36.0 40.0 36.0 57.0 59.0 19.0 
2-19-62 61.5 60.0 48.0 39.0 44.0 45.0 57.0 59.0 28.0 
2-26-62 60.0 62.0 38.0 32.0 34.0 37.0 56.0 58.0 15.0 
3- 5-62 55.0 53.0 19.0 23.0 24.0 26.0 43.0 50.0 --
3-12-62 62.0 57.0 39.0 40.0 38.0 38.0 54.0 58.0 26.0 
3-19-62 60.0 56.0 36.0 34.0 42.0 55.0 64.0 23.0 
3-26-62 61.0 60.0 43.0 4l.0 58.0 60.0 34.0 
Average 59 58 38.7 32.1 36.8 34.4 54.5 57.6 
Overall average 
air temperature Warm houses 57.3®P. Cold houses 35.6°?. 
for test period 
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Table 45. Experiment 
(lb.) 
1130 - Summary of daily liveweight gain 
Temperature 57° P. 36*F. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 1.67 
1.82 
1.69 
1.41 
1.42 
1.60 
1.61 
1.50 
1.70 
1.42 
1.39 
1.69 
2 1.71 
1.53 
1.57 
1.14 
1.54 
1.60 
1.54 
1.57 
1.48 
1.51 
1.69 
1.41 
2 
1 1.61 
1.42 
1.80 
1.44 
1.43 
1.61 
1.49 
1.51 
1.62 
1.49 
1.51 
1.43 
2 1.72 
1.69 
1.28 
1.53 
1.22 
1.43 
1.62 
1.53 
1.63 
1.48 
1.49 
1.48 
3 
1 1.68 
1.79 
1.68 
1.83 
1.94 
1.67 
1.88 
1.74 
1.74 
1.67 
1.56 
1.37 
2 1.72 
1.59 
1.62 
1.72 
1.43a 
1.68 
1.77 
1.70 
1.63 
1.51 
1.38 
1.69 
4 
1 1.63 
1.76 
1.57 
1.58 
1.69 
1.28 
1.56 
1.47 
1.49 
1.37 
1.55 
1.27 
2 1.67 
1.60 
1.54 
1.46 
1.72 
1.43 
1.44 
1.69 
1.41 
1.47 
1.45 
1.47 
Average 1.64 1.53 1.60 1.49 
^•Estimated value (Snedecor, 1956, page 310). 
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Table 46. Experiment 1130 - Summary of dally carcass gain 
(lb.) 
Temperature 57*F . 36°P. 
Protein level High Low High Low 
Ration rep./house 
1 
1 1.10 
1.23 
1.09 
.97 
.99 
1.11 
1.07 
1.02 
1.14 
1.00 
.95 
1.14 
2 1.13 
1.00 
1.07 
.77 
1.05 
1.10 
1.07 
1.04 
.97 
1.05 
1.12 
.96 
2 
1 1.10 
1.02 
1.23 
.95 
.96 
1.12 
1.02 
1.00 
1.12 
1.04 
1.03 
.98 
2 1.16 
1.17 
.92 
1.05 
.97 
.83 
1.11 
1.03 
1.12 
1.02 
1.00 
1.05 
3 
1 1.15 
1.22 
1.20 
1.24 
1.33 
1.16 
1.29 
1.15 
1.12 
I.l4 
1.08 
.91 
2 1.15 
1.10 
1.09 1.21 
1.21 
1.17 
1.06 
1.05 
1.38 
1.15 
4 
1 1.05 
1.23 
1.10 
1.09 
1.16 
.91 
1.04 
.99 
1.00 
.95 
1.06 
.87 
2 1.16 
1.04 
1.06 
1.00 
1.18 
.97 
1.02 
1.14 
.97 
1.05 
1.02 
1.02 
Average 1.12 1.07 1.08 1.04 
^Estimated value (Snedecor, 1956, page 310). 
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Table 4%. Experiment 1130 - Summary of feed required per 
pound of gain®' 
Temperature 
Protein level 
57°P . 36°P 
High Low High Low 
Ration rep./house 1 3.05 3.49 3.77 3.69 
Main plot rep. 1 
2 3.05 3.32 3.39 3.59 
1 3.03 3.23 3.35 3.42 
2 
2 
OJ 1—
1 
3.22 3.45 3.76 
1 3.08 3.42 3.48 3.60 
3 
2 3.10 3.44 3.34 3.47 
1 2.97 3.33 3.60 3.70 
4 
2 2.85 3.30 3.48 3.74 
Average 3.03 3.34 3.48 ,3.62 
^On a pen average basis. 
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Table 48. Experiment 1130 - Summary of carcass backfat 
thickness 
Temperature 57*P. 36° F. 
Protein level High Low High Low 
Ration rep./house 
1 
1 1.18 
1.47 
1.48 
1.38 
1.66 
1.84 
1.58 
1.43 
1.64 
1.65 
1.72 
1.91 
2 1.45 
1.38 
1.43 
1.50 
1.59 
1.63 
1.40 
1.27 
1.37 
1.58 
1.73 
1.65 
2 
1 1.53 
1.39 
1.65 
1.48 
1.54 
1.91 
1.36 
1.58 
1.43 
1.85 
1.79 
1.53 
2 1.62 
1.19 
1.48 
1.55 
1.73 
1.43 
1.61 
1.33 
1.86 
1.62 
1.56 
1.90 
5 
1 1.36 
1.36 
1.65 
1.81 
1.69 
1.50 
1.60 
1.44 
1.73 
1.65 
1.42 
1.43 
2 1.44 
1.43 
1.39 
1.73^ 
1.56* 
1.71 
1.69 
1.50 
1.54 
1.60 
1.33 
1.86 
4 
1 1.49 
1.43 
1.38 
1.67 
1.52 
1.68 
1.43 
1.62 
1.83 
1.48 
1.83 
1.69 
2 1.72 
1.52 
1.35 
1.71 
1.71 
1.55 
1.63 
1.73 
1.46 
1.91 
1.90 
1.61 
Average 1.45 1.63 1.54 1.68 
^Estimated value (Snedecor, 1956, page 310). 
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Table 49. Experiment 1130 - Summary of percent lean cuts 
(carcass basis) 
Temperature 57* P. 36° F. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 56.70 
52.54 
56.66 
50.52 
50.80 
49.07 
52.04 
51.69 
52.33 
51.15 
51.80 
47.94 
2 54.07 
53.26 
53.49 
54.22 
48.40 
49.47 
54.44 
53.15 
54.33 
50.31 
50.36 
51.36 
2 
1 52.55 
56.18 
55.93 
51.65 
51.23 
50.81 
54.79 
53.46 
52.86 
48.04 
52.01 
52.89 
2 53.11 
54.49 
53.03 
50.63 
49.63 
49.70 
52.10 
54.40 
47.45 
50.21 
50.84 
48.00 
3 
1 52.97 
51.04 
52.00 
45.93 
48.51 
49.59 
52.26 
51.50 
50.67 
46.97 
49.40 
50.42 
2 51.25 
56.12 
52.76 
48.54 
51.95& 
47.75 
49.83 
54.53 
51.02 
50.63 
53.06 
47.50 
4 
1 55.62 
48.57 
54.11 
50.50 
50.03 
52.95 
54.46 
49.82 
50.00 
52.11 
48.42 
52.06 
2 53.33 
51.65 
54.55 
51.09 
47.15 
52.92 
54.21 
48.08 
54.00 
49.83 
49.58 
51.03 
Average 53.58 50.13 52.22 50.25 
^Estimated value (Snedecor, 1956, page 310). 
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Table 50. Experiment 1130 - Summary of dressing percentage 
Temperature 57° F. 36° F. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 68.75 
70.37 
67.00 
71.67 
72.25 
71.89 
69.06 
70.65 
69.95 
73.27 
72.40 
70.50 
2 68.32 
67.98 
70.53 
70.33 
70.24 
71.25 
71.95 
69.47 
68.02 
71.89 
69.00 
70.71 
2 
1 70.50 
73.10 
70.48 
68.47 
69.35 
71.11 
70.71 
68.69 
70.75 
71.84 
70.20 
71.00 
2 69.35 
71.01 
73.23 
70.79 
80.05 
60.27 
70.60 
68.75 
70.15 
70.73 
69.27 
72.66 
3 
1 71.43 
70.38 
73.23 
70.59 
71.03 
72.50 
70.57 
68.63 
68.34 
71.78 
71.98 
69.27 
2 69.21 
72.25 
69.40 
70.59_ 
72.94a 
73.44 
70.57 
71.25 
67.49 
72.00 
71.36 
70.35 
4 
1 67.29 
71.71 
72.22 
71.39 
71.04 
72.37 
69.51 
70.30 
69.04 
71.18 
71.61 
70.63 
2 71.36 
67.54 
70.79 
70.20 
70.89 
69.54 
72.50 
69.86 
70.73 
73.06 
72.00 
71.43 
Average 70.31 71.01 69.90 71.26 
^Estimated value (Snedecor, 1956, page 310). 
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Table 51. Experiment 1130 - Summary of shear force values 
(lb.) 
Temperature 57 ON
 
o
 
P. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 19.38 
25.50 
31.38 
25.12 
26.25 
20.75 
30.75 
20.38 
12.62 
31.38 
19.50 
14.75 
2 34.25 
20.25 
16.88 
29.62 
17.62 
22.12 
29.38 
34.38 
23.75 
27.25 
24.50 
28.00 
2 
1 29.00 
16.50 
18.62 
23.12 
17.38 
35.00 
47.50 
24.62 
26.12 
26.25 
27.62 
26.75 
2 31.38 
28.12 
21.62 
20.62 
29.25 
31.62 
24.00 
29.00 
18.00 
24.50 
23.12 
24.75 
3 
1 22.50 
16.50 
26.25 
11.00 
10.38 
27.13 
16.12 
21.12 
19.50 
26.00 
24.38 
18.38 
2 14.75 
27.25 
20.12 
13.62 
18.62* 
17.38 
21.25 
17.62 
16.00 
18.38 
33.13 
18.25 
4 
1 22.25 
18.00 
39.50 
22.13 
22.88 
24.62 
33.00 
36.62 
23.25 
21.38 
23.00 
26.00 
2 35.25 
44.00 
25.25 
33.00 
26.12 
17.38 . 
13.50 
19.75 
26.88 
34.50 
19.62 
18.62 
Average 25.19 22.61 24.38 24.17 
^Estimated value (Snedecor, 1956, page 310). 
150 
Table 52. Experiment 
Longissimus 
1130 -
dorsi 
Summary 
muscle 
of fat 
(*)a 
content of the 
Temperature 57° F. 36* P. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 10.22 
13.62 
10.90 
18.37 
22.80 
36.82 
10.64 
16.04 
13.50 
20.80 
16.39 
22.01 
2 13.50 
20.62 
6.55 
15.52 
22.44 
16.32 
8.49 
11.82 
14.38 
27.46 
18.50 
13.28 
2 
1 12.58 
9.64 
17.61 
17.04 
21.38 
21.18 
7.10 
12.18 
15.73 
19.01 
24.30 
16.67 
2 8.22 
11.19 
11.32 
25.34 
21.80 
28.68 
15.67 
10.67 
15.82 
12.39 
34.73 
26.36 
3 
1 7.83 
7.47 
6.50 
18.22 
18.42 
22.86 
13.63 
14.41 
6.43 
12.44 
16.26 
10.36 
2 25.60 
10.12 
11.78 
28.32, 
16.57% 
19.19 
18.62 
6.72 
9.60 
40.19 
12.32 
17.10 
4 
1 10.90 
8.42 
9.70 
40.56 
24.69 
18.18 
8.98 
14.07 
18.60 
15.10 
15.44 
18.37 
2 8.44 
15.14 
8.32 
17.05 
34.50 
30.42 
5.92 
26.54 
21.92 
20.98 
42.08 
30.44 
Average 11.5 23.2 13.2 21.0 
^fat content on a dry matter basis. 
^Estimated value (Snedocor, 1956, page 310). 
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Table 53. Experiment 1130 - Summary of nitrogen content of 
the Longissimus dorsi muscle (^)®-
Temperature 57° F. 36* P. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 12.43 
12.37 
13.45 
10.99 
11.33 
9.74 
13.82 
12.96 
13.84 
10.71 
14.19 
12.16 
2 12.73 
12.36 
14.50 
12.02 
12.05 
12.97 
14.06 
13.19 
12.30 
11.13 
12.26 
13.32 
2 
1 12.89 
12.37 
12.66 
11.80 
11.07 
11.90 
14.65 
13.85 
12.15 
12.67 
11.55 
13.12 
2 13.00 
13.36 
12.47 
11.47 
10.03 
9.89 
13.07 
13.96 
11.99 
12.71 
10.76 
9.88 
3 
1 13.77 
14.31 
14.38 
12.14 
12.34 
10.74 
12.99 
13.45 
14.04 
13.22 
13.05 
12.78 
2 10.71 
14.21 
13.88 
11.22^ 
12.46% 
12.64 
12.56 
13.53 
12.10 
8.62 
12.46 
11.51 
4 
1 12.19 
14.08 
12.99 
8.63 
11.66 
11.81 
14.13 
12.37 
14.14 
11.94 
13.17 
11.65 
2 14.21 
13.12 
14.39 
11.48 
10.23 
9.63 
13.06 
11.42 
11.13 
10.89 
8.05 
9.89 
Average 13.20 11.26 13.12 11.74 
^Nitrogen content on a dry matter basis. 
^Estimated value (Snedecor, 1956, page 310). 
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Table 54. Experiment 1130 - Summary of moisture content of 
the Longlsslmus dorsi muscle {%) 
Temperature 57° F. 36° P. 
Protein level High Low High Low 
Ration rep./house 
Main plot rep. 1 
1 73.78 
73.80 
74.48 
73.78 
72.82 
68.24 
74.03 
72.31 
73.76 
72.82 
73.05 
72.72 
2 74.34 
71.57 
73.90 
73.47 
71.82 
74.90 
73.63 
73.28 
72.14 
70.51 
73.51 
75.08 
2 
1 73.48 
72.86 
73.41 
73.74 
72.74 
72.12 
74.32 
73.94 
72,68 
73.14 
71.87 
74.14 
2 74.38 
73.69 
72.52 
72.04 
73.39 
70.57 
72.56 
73.63 
73.65 
74.48 
69.66 
70.60 
3 
1 74.06 
74.08 
74.85 
73.98 
73.37 
72.29 
73.86 
73.43 
75.52 
74.51 
73.29 
74.02 
2 70.75 
74.50 
73.49 
72.12 
74.39* 
73.60 
72.31 
74.89 
73.75 
66.50 
74.02 
72.88 
4 
1 74.66 
74.44 
74.42 
67.74 
72.10 
73.59 
74.50 
73.00 
72.35 
73.52 
73.99 
72.62 
2 73.62 
73.44 
74.32 
74.56 
69.50 
70.08 
72.60 
70.45 
70.93 
72.24 
66.48 
69.20 
Average 73.70 72.37 73.23 72.28 
^Estimated value (Snedecor, 1956, page 310). 
Table 55. Experiment 1130 - Analysis of variance of daily live-weight and carcass 
gain 
Source of 
variation 
Mean squares 
d.f. live-weight Carcass 
gain gain 
"F" ratios 
Live-weight 
gain 
Carcass 
gain 
Total 
Outcome group (OCG) 
Ration rep. (RR) 
Main plot rep. (MPR) 
RR/MPR 
OOG/RR 
Temperature (T) 
T X OCG 
T X RR 
T X MPR (error A) 
T X RR/MPR 
T X OOG/RR 
Ration (R) 
95^ .0218 .0112 
23 .0361 .0205 
7 .0059 .0411 
3 .1141 .0918 
4 .0178 .0030 
16 .0261 .0115 
1 .0455 .0228 
23 .0119 .0084 
7 .0123 .0078 
3 .0156* .0072 
4 .0099 .0083 
16 .0118 .0086 
1 .2741 .0425 
2 . 9 2  3.17 
20.76** 5.06* 
^Minus 2 degrees of freedom in analysis of carcass data for missing values, 
b. 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
Table 55 (Continued). 
Mean squares "F" ratios 
Source of d.f. Live-weight Carcass Live-weight Carcass 
variation gain gain gain gain 
R X T 1 .0000 .0011 
R X OCG 23 .0122 .0082 
R X RR 7 .0044 .0092 
R X MPR 3 .0023 .0113 
R X RR/MPR 4 .0059 .0076 
R X OCG/RR 16 .0157 .0078 
R X T X OCG 23 .0156* .0060' 
R X T X RR 7 .0219 .0076 
R X T X MPR 3 .0454 .0145 
R X T X RR X MPR 4 .0043 .0024 
R X T X OCG/RR 16 .0129 .0050 
Pooled (error B) 14 .0132* .0084 
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Table 56. Experiment 1130 - Analysis of variance of percent 
lean cuts, carcass backfat thickness and dressing 
percentage 
Source of 
variation 
d.f. Lean 
cuts 
Mean squares 
Backfat Dressing 
thick- percentage 
ness 
Total 94 5.8074 .0290 4.2575 
Outcome group (COG) 23 8.6523 .0303 2.4252 
Ration rep. (RR) 7 7.5897 .0210 1.0200 
Main plot rep. (MPR) 3 9.5264 .0280 1.4159 
RR/MPR 4 5.7873 .0158 .7230 
GOG/RR 16 9.2046 .0343 3.0400 
Temperature (T) 1 9.1760 .1204» .1633 
T X COG 23 1.4701 .0243 5.3439 
T X RR 7 1.1753 .0144 2.6450^ 
T X MPR (error A) 3 .9597% .0107^ 3.4880* 
T X RR/MPR 4 1.3370 .0172 2.0128 
T X OCG/RR 16 1.5990 .0286 6.5247 
Ration (R) 1 ; L77.2353** .5797** 25.3587** 
R X T 1 13.0834»* .0140 2.6070 
R X OCG 23 2.7491 .0181 3.9166 
R X RR 7 1.7191 .0109 2.7551 
R X MPR 3 2.7757 .0185 4.4794 
R X RR/MPR 4 .9267 .0052 1.4619 
R X OCG/RR 16 3.1997 .0212 4.4247 
R X T X OCG 22 2.2892 .0153 4.6958 
R X T X RR 7 1.0317 .0214 1.5992 
R X T X MPR 3 .2861 .0336 2.7040 
R X T X RR X MPR 4 1.5910 .0123 .7706 • 
R X T X OCG/RR 16 2.6962 .0117 5.7572 
Pooled (error B) l4 1.3754a .0161% 2.1772% 
^•Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 5?. Experiment 1130 - Analysis of variance of shear 
force and feed required per pound of gain 
Source of 
variation d, .f. 
Mean 
Shear force 
squares 
Feed/gain 
Total 94a 48.3300 .0614 
Outcome group (OOG) 23 61.7787 
Ration rep. (RP) 
Main plot reo. (MPR) 
RR/MPR 
OCG/RR 
7 
16 
3 
4 
96.0189 
209.0359 
11.2562 
46.7986 
.1705 
Temperature 1 3.3339 1.0622* 
T X OOG 23 60.0194 
T X RR 
T X MPR (error A) 
T X RR/MPR 
T X OCG/RR 
7 
16 
3 
4 
68.4180, 
29.9572° 
97.2636 
56.3450 
.0315^ 
Ration (R) 1 46.5791 .4072^^ 
R X T 1 33.4530 .0614^ 
R X OCG 23 33.0380 
R X RR 
R X MPR 
R X RR/MPR 
R X OOG/RR 
7 
16 
3 
4 
10.8574 
18.8436 
4.8678 
42.7420 
R X T X OCG 22 40.8375 
R X T X RR 
R X T X MPR 
R X T X RR X MPR 
R X T X OCG/RR 
7 
16 
3 
4 
46.3011 
54.6045 
40.0735 
35.8949 
Pooled (error B) 14 35.8949^ .0071^ 
®'Thirty-one total degrees of freedom for feed/gain. 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 58» Experiment 1130 - Analysis of variance of fat, 
nitrogen and moisture content of the Longissimus 
dorsi muscle 
Source of Mean squares 
variation d.f. Pat Nitrogen Moisture 
Total 94 66.2490 2.0310 3.1589 
Outcome group (OOG) 23 86.8942 2.2485 5.0232 
Ration rep. (RR) 
Main plot rep. (MPR) 
RR/MPR 
OCG/RR 
7 
3 
4 
16 
78.1082* 
63.9347 
88.7384* 
90.7380^ 
3.0999 
2.4532 
3.5850 
1.8760 
5.9846 
5.1029 
6.6460 
4.6026 
Temperature (T) 1 1.6017 .9165 1.8732 
T X OOG 23 25.5052 1.1446 1.9972 
T X RR 
T X MPR (error A) 
T X RR/MPR 
T X OOG/RR 
7 
3 
4 
16 
23.9051 
7.7I68& 
36.0463 
26.2052 
2.4906 
1.3245& 
3.3652 
.5543 
2.5007 
1.0204& 
3.6110 
1.7770 
Ration (R) 1 2261.8475»* 66.1012** 30.9969^* 
R X T 1 93.9708 1.9040 .8838 
R X OOG 23 23.6378 1.0226 2.3168 
R X RR 
R X MPR 
R X RR/MPR 
R X OOG/RR 
7 
3 
4 
16 
26.2473 
27.6061 
25.2282 
22.4961 
1.2060 
1.4108 
1.0524 
.9423 
1.6310 
1.7919 
1.5104 
2.6168 
R X T X OOG 22 33.6879 .9298 2.2010 
R X T X RR 
R X T X MPR 
•Rv X T X RR X MPR 
R X T X OOG/RR 
7 
3 
4 
16 
42.4086 
22.1664 
57.5903 
27.7671 
.6490 
.2353 
.9594 
.9946 
2.5836 
2.5781 
2.5877 
1.8960 
Pooled (error B) 14 34.3280* .9275* 2.1073* 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 59• Experiment 1156 - Summary of total live-weight 
gain and feed required per pound of gain®-
Level of dried skim milk {%) 
0 10 20 30 40 
Replication Total live -weight gain (lb.) 
1 29.0 28.0 24.0 26.5 28.5 
16.5 17.5 31.5 23.5 22.5 
15.5 27.0 20.0 21.0 16.0 
17.0 14.5 16.0 25.5 24.5 
18.5 20.0 23.0 22.0 20.0 
14.0 22.5 22.5 18.0 17.0 
20.5 23.0 16.0 25.0 25.0 
2 26.1 23.4 24.4 25.0 27.0 
20.5 23.0 22.9 15.2 20.0 
15.5 15.5 15.5 23.5 18.6 
18.5 21.6 19.9 28.5 16.8 
19.4 21.2 23.1 18.4 23.7 
16.4 13.8 22.0 20.1% 20.0 
5 18.3 25.3 21.3 19.2 16.9 
14.6 13.9 17.8 17.4 17.6 
7.2 16.8 11.7 18.4 20.6 
15.9 20.0 18.9 19.0 21.0 
11.5 8.6 19.5 23.1 4.4 
23.8 16.9 26.2 19.5 19.5 
Average 17.8 19.6 20.8 21.5 19.9 
Replication Peed per pound of i gain (Ib.)C 
1 1.86 1.86 1.69 1.60 1.62 
2 1.78 1.94 1.76 1.71 1.61 
3 1.94 1.82 2.05 1.61 1.72 
Average 1.86 1.87 1.83 1.64 1.65 
^Baby pig phase. 
^Estimated value (Snedecor, 1956, page 310). 
°0n a pen average basis. 
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Table 60. Experiment 1156 - Analysis of variance of total 
live-weight gain and feed per pound of gain®-
Source of Degrees of freedom Mean squares 
variation Gain Feed/gain Gain Feed/gain 
Total 93 14 22.8786 .0193 
Outcome group (OCG) 18 51.4635»* 
Replication 
OCG/R 
(R) 2 
17 
2 138.3846** 
38.2102^^ 
.0135 
Treatment (T) 4 4 37.5060*^ .0406^ 
Linear 
Quadratic 
Remainder 
1 
1 
2 
1 
1 
2 
73.4085** 
70.6632^^ 
2.9761 
.1280*^ 
.0055 
.0144 
Residual 71 8 14.8077 .0101^ 
R X T 
OCG/R X T 
8 
63 
3.4413^ 
16.2511 
^•Baby pig phase. 
^Denominator mean square for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 61. Experiment 1156 - Summary of daily live-weight and 
carcass gain®' 
Level of dried skim milk {^) 
0 10 20 30 4o 
Replication Daily live-weight gain (lb.) 
1 1.62 1.42 1.60 1.56 1.30 
1.44 1.4l 1.59 1.47 1.36 
1.53 1.60 1.42 1.56 1.52 
1.39 1.50 1.35 1.57 1.39 
1.45 1.35 1.46 1.25 1.36 
1.38 1.47 1.51 1.49 
1.46 
2 1.49 1.47 1.42 1.50 1.38 
1.50 1.39 1.48 1.36 1.38 
1.32 1.45 1.37 1.56 1.33 
1.55 1.29 1.41 1.47 1.32 
1.37 
5 1.40 1.49 1.44 1.37 1.35 
1.35 1.24 1.22 1.37 1.36 
1.06 1.4l 1.42 1.44 1.49 
1.44 1.24 1.25 1.37 1.25 
1.49 1.26 1.39 1.38 
Average 1.41 1.41 1.41 1.45 1.38 
Replication Daily carcass gain (lb.) 
1 I.l4 .98 1.08 1.10 .90 
.99 .98 1.07 1.01 .91 
1.07 .99 1.04 1.05 
.99^ 1.03 .94 1.06 .95 
1.02 .94 1.01 .88 .95 
.98 1.01 1.05 1.04 
1.16 
Daily gain for entire experimental period. 
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Table 61 (Continued) 
Level of dried skim milk (%) 
0 10 20 30 4o 
Replication Dally carcass gain (lb.) 
2 .99 1.01 .98 1.01 .92 
1.01 .94 1.00 .89 .97 
1.01 .97 .94 1.03 .88 
1.06 .86 .99 .98 .91 
.95 
3 .97 1.02 1.00 .96 .92 
.91 .85 .86 .92 .93 
.98 .94 .98 .98 1.00 
.98. .82 .88 .92 .86 
.99 .86 1.06 .94 
Average .99 .97 .97 .99 .94 
^Average values. 
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Table 62. Experiment 1156 - Summary of carcass baokfat 
thickness 
Level of dried skim milk 
0 10 20 30 4o 
Replication Oarcass backfat (in. ) 
1 1.60 1.44 1.44 1.44 1.37 
1.35 1.25 1.63 1.32 1.12 
1.38a 1.36 1.39 1.36 1.20 
1.44& 1.42 1.16 1.27 1.29 
1.48 1.05 1.31 1.18 1.32 
1.14 1.51 1.41 1.19 
1.25 
2 1.50 1.47 1.55 1.4l 1.32 
1.71 1.31 1.24 1.33 1.48 
1.50 1.47 1.28 1.52 1.21 
1.42 1.49 1.58 1.58 1.55 
1.38 
3 1.43 1.31 1.41 1.23 1.33 
1.36 1.57 1.28 1.35 1.32 
1.30 1.35 1.48 1.18 1.44 
1.32^ 1.32 1.28 1.46 1.34 
1.44& 1.54 1.14 1.16 
Average 1.44 1.35 1.41 1.34 1.31 
^Average values. 
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Table 63. Experiment 1156 - Summary of percent ham and loin 
(carcass basis) and dressing percentage 
Level of dried skim milk 
0 10 20 30 40 
•plication Percent ham and loin 
1 34. 29 35.63 36.39 34. 80 38. 03 
39. 80 37.41 34.76 39. 80 41. 00 
37. 36.55 37.11 36. 25 36. 80 
36. 80^ 36.30 38.39 35. 31 38. 97 
36. 97 38.23 37.49 4o. 41 36. 39 
38.84 38.42 36. 94 38. 18 
38.04 
2 36. 92 37.34 35.97 36. 67 37. 18 
36. 45 37.96 35.39 38. 12 35. 50 
35. 45 37.77 37.29 36. 88 37. 11 
36. 08 36.36 40.07 36. 14 36. 39 
37. 4o 
3 37. 20 37.06 37.47 38. 53 38. 63 
34. 44 34.79 38.06 35. 11 36. 24 
37. 88 37.39 36.12 38. 72 37. 44 
37. 36.91 37.05 36. 75 36. 34 
36. 80^ 37.93 39. 28 36. 4l 
Average 36. 80 37.11 37.19 37. 31 37. 38 
Dressing percentage 
71.89 70.43 69.01 71.77 71.03 
70.28 70.67 69.01 70.51 68.81 
71.10 68.84 70.95 68.57 70.50 
70.19^ 70.00 71.10 69.05 70.29 
71.70 70.85 70.79 71.43 70.85 
72.06 70.37 70.72 70.64 
71.83 
68.69 70.64 70.95 69.12 68.99 
70.94 69.61 69.09 66.50 71.11 
71.50 69.50 70.59 68.25 67.84 
69.91 68.10 71.01 69.31 70.78 
69.37 
^Average values. 
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Table 63 (Continued) 
Level of dried skim milk 
0 10 20 30 40 
Replication Dressing percentage 
3 71.12 
68.64 
69.52 
67.82, 
'70.19* 
69.86 
70.59 
68.60 
67.33 
70.75 
71.43 
70.67 
71.57 
69.71 
71.14 
68.81 
69.63 
68.90 
68.38 
69.50 
69.80 
68.84 
69.61 
69.64 
Average 70.19 69.93 70.47 69.47 69.88 
Table 64. Experiment 1156 - Summary of fat and moisture 
content of the Longissimus dorsi& 
Level of dried skim milk 
0 10 20 30 40 
Replication Pat content {%) 
13.79 10.46 15.00 14.56 8.42 
7.84 11.92 18.41 8.63 11.84 
10.50, 10.36 12.28 22.64 18.65 
14.56% 20.92 25.60 25.05 11.32 
21.10 14.96 16.06 8.43 7.82 
7.61 9.62 10.04 13.55 
14.76 
14.02 24.30 21.08 17.18 14.47 
21.98 28.14 13.06 26.48 24.10 
14.58 28.66 12.28 10.16 15.82 
13.40 23.52 9.37 21.65 13.26 
20.36 
^Fat content on a dry matter basis. 
^Average values. 
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Table 64 (Continued) 
Level of dried skim milk 
0 10 20 30 40 
iplication Fat content (^) 
3 11.50 14.67 8.80 7.66 9. 10 
17.62 17.48 12.55 17.34 17. 79 
11.18 17.06 12.53 11.72 10. 74 
11.35^ 17.72 18.42 18.02 12. 4o 
14.56* 13.72 12.80 17. 14 
Average 14.56 17.50 14.60 15.49 13. 76 
Moisture content (^) 
1 73.04 74.06 72.24 72.16 74. 39 
74.30 73.52 69.45 74.26 73. 12 
74.10 73.78 73.75 71.82 72. 69 
72.91° 72.24 70.60 71.10 64. 63 
71.88 73.06 72.70 74.18 74. 88 
74.42 73.04 72.71 73. 56 
73.46 
2 73.34 70.96 70.84 71.83 73. 21 
71.04 70.52 72.09 71.46 71. 37 
72.86 71.34 72.70 73.36 73. 28 
74.39 70.32 73.24 71.15 71. 88 
72.04 
3 72,30 73.56 72.62 74.11 74. 13 
71.41 69.66 73.98 72.30 71. 89 
74.04 72.14 72.84 72.23 72. 60 
72.68. 72.27 72.76 71.80 72. 84 
72.91° 72.60 74.18 72. 84 
Average 72.91 72.35 72.36 72.58 72. 49 
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Table 65. Experiment 1156 - Analysis of variance of dally 
llve-welght and carcass gain* 
Source of d.f. Mean squares It p„ ratios 
variation Live-
welght 
gain 
Carcass 
gain 
Live-
weight 
gain 
Carcass 
gain 
Total jjnP .0105 .0047 
Treatment 4 .0100 .0066 1.06 1.43 
Linear 
Quadratic 
Remainder 
1 
1 
2 
.0012 
.0100 
.0144 
.0096 
.0015 
.0077 
.11 
.94 
2.09 
.33 
Residual 70^ .0106° .0046° 
Coefficient of 
variation {%) 6.68 6.24 
^Dally gain for entire experimental period. 
^Mlnus 2 degrees of freedom In analysis of carcass data 
for missing values. 
^Denominator mean square for hypothesis testing. 
Table 66. Experiment 1156 - Analysis of variance of carcass backfat thickness, 
percent ham and loin and fat and moisture content of the Longlsslmus 
dorsi muscle 
Source of Mean squares 
variation d.f. Dressing Carcass Percent Pat Moisture 
percentage backfat ham and loin 
Total 72 1.4500 .0183 1.9566 28.7546 2.3325 
Treatment 4 2.0650 .0415* .7659 30.8670 .7737 
Linear 1 1.7238 .1045* 2.7935 19.4544 .5791 
Quadratic 1 .0379 — * .2080 33.0741 1.3827 
Remainder 2 3.2492 .0308 .0310 35.4698 .5664 
Residual 68 1.4138^ .0169* 2.0266* 28.6300* 2.4241% 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant (P < .05). 
Table 67. Experiment 6321 - Summary of total live-weight gain& 
Baby pig phase High quality Low quality 
Gestation phase LP-LE " HP-LE LP-•HE HP-•HE LP-•LE HP-LE LP-•HE HP-•HE 
Replication Total gain (Ib 
1 44.8 46.8 39. 6 44. 5 30. 3 41.9 31. 6 35. 7 
45.8 45.2^ 44. 6 43. 7 32. 8 47.4 43. 4 39. 2 
41.4 45.0 55. 5 46. 5 30. 6 39.2 58. 9 39. 9 
47.7 49.1 57. 5 4o. 5 35. 0 45.0 48. 6 28. 1 
2 41.7 39.0 29. 0 49. 6 4o. 2 35.1 33. 0 47. 5 
44.8 41.5 30. 4 45. 1 47. 9 33.9 30. 5 50. 7 
44.6 42.7 35. 7 37. 7 39. 7 42.0 33. 7 37. 4 
39.2 44.0 34. 9 37. 0 41. 4 40.0 31. 9 34. 1 
Average 43.8 44.2 4o. 9 43. 1 37. 2 40.6 39. 0 39. 1 
^•First 6 week experimental period. 
^Estimated value (Snedecor, 1956, page 310). 
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Table 68. Experiment 6521 - Summary of feed required per 
pound of gain®-
High quality Low quality 
Feed per pound of gain (lb. 
1.91 1.94 
1.92 2.04 
1.97 2.12 
1.91 2.19 
1.91 2.31 
1.86 2.06 
1.90 2.02 
2.01 1.94 
Average 1.92 2.08 
^First 6 week experimental period. 
^On a pen average basis. 
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Table 6 9 -  Experiment 6521 - Analysis of variance of total 
live-weight gain and feed per pound of galn& 
Degrees of 
Source of freedom Mean squares 
variation (iain Peed/gain Gain Peed/gain 
Total 62 15 47.6146 .0158 
Treatment 7 1 50.4287 .0946^^ 
Gestation energy (GE) 
Gestation protein (GP) 
Baby yig protein quality 
GE X PQ 
GP X PQ 
GP X GE 
GP X GE X PQ 
1 
1 
1 
1 
1 
1 
1 
13.7827 
36.4514 
258.0039^ 
17.3264 
.7439 
2.0664 
24.6264 
Residual 55 14 47.2565^ .0097^ 
^Pirst 6 week experimental period. 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
Table 70. Experiment 6321 - Summary of daily live-•weight ; gain a 
Treatment Gestation Gestation Baby pig G-P Individual Average 
number protein energy protein protein observations (lb.) 
level level quality level 
1 low low high low 1.4o 1.40 1.46 1.53 1.45 
2 low low high high 1.50 1.45 1.31 1.44 1.42 
3 low low low low 1.30 1.28 1.33 1.37 1.32 
4 low low low high 1.33 1.53 1.55 1.47 
5 low high high low 1.45 1.34 1.35 1.38 
6 low high high high 1.44 1.48 1.47 1.29 1.42 
7 low high low low 1.49 1.51 1.01 
1.42 
1.34 
8 low high low high 1.56 1.30 1.32 1.40 
9 high low high low 1.29 1.45 1.46 
1.43 
1.4o 
10 high low high high 1.36 1.58 1.48 1.46 
11 high low low low 1.31 1.4o 1.32 1.50 1.38 
12 high low low high 1.49 1.4o 1.30 1.54 1.43 
13 high high high low 1.34 1.41 1.40 1.33 1.37 
14 high high high high 1.39 1.28 1.56 1.56 1.45 
15 high high low low 1.16 1.53 1.46 1.29 1.36 
16 high high low high 1.27 1.17 1.69 1.39 1.38 
^•Entire experimental period. 
Table 71. Experiment 6521 - Summary of daily carcass gain 
Treatment Gestation Gestation Baby pig G-F Individual Average 
number protein energy protein protein observations (lb.) 
level level quality level 
1 low low high low .96 .96 .98 1.02 .98 
2 low low high high 1.00 .98 .90 .97 .96 
3 low low low low .85 .86 .89 .93 .88 
4 low low low high .90 1.03 1.06 1.00 
5 low high high low .97 .93 .93 .94 
6 low high high high .94 .98 .91 1.02 .96 
7 low high low low 1.01 1.01 .69 .90 
8 low high low high .87 1.01 .92 .97 .94 
9 high low high low .85 .97 1.00 .94 
10 high low high high .93 1.06 .98 1.00 .99 
11 high low low low .89 .91 .91 1.01 .93 
12 high low low high .98 .94 .89 1.02 .96 
13 high high high low .89 .96 .95 .91 .93 
14 high high high high .92 .86 1.04 .97 .95 
15 high high low low .80 .93 .95 .84 .88 
16 high high low high .86 .78 1.13 .96 .93 
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Table 72. Experiment 6321 - Summary of feed required per 
pound of gain& 
Protein level {%) 12 16 
Replication Peed per pound of gain (lb. 
1 3.57 3.43 
2 3.57 3.27 
3 3.59 3.43 
4 4.21 3.31 
Average 3.74 3.36 
^'Growing-finishing phase. 
^On a pen average basis. 
Table 73. Experiment 6321 - Summary of daily ham gain 
Treatment Gestation Gestation Baby pig G-P Individual Average 
number protein energy protein protein observations (lb.) 
level level quality level 
1 low low high low .21 .20 .22 .23 .22 
2 low low high high .23 .21 .22 .22 .22 
3 low low low low .18 .17 .22 .21 .20 
4 low low low high .21 .21 .23 .22 
5 low high high low .22 .20 .21 .21 
6 low high high high .21 .24 .21 .23 .22 
7 low high low low .23 .25 .16 .21 
8 low high . low high .20 .23 .20 .20 .21 
9 high low high low .20 .21 .22 .21 
10 high low high high .19 .24 .23 .23 .22 
11 high low low low .19 . 22 .18 .22 .20 
12 high low low high .22 .23 .21 .24 .22 
13 high high high low .20 .20 .22 .21 .21 
l4 high high high high .21 .18 .25 .23 .22 
15 high high low low .19 .19 .22 .19 .20 
16 high high low high .20 .18 .26 .23 .22 
Table 7^. Experiment 6321 - Summary of carcass backfat thickness 
Treatment Gestation Gestation Baby pig G-P Individual Average 
number protein energy protein protein observations (in.) 
level level quality level 
1 low low high low 1.48 1.44 1.46 1.83 1.55 
2 low low high high 1.54 1.44 1.20 1.38 1.39 
3 low low low low 1.35 1.64 1.32 1.37 1.42 
4 low low low high 1.28 1.41 1.75 1.48 
5 low high high low 1.4: 1.62 1.39 1.47 
6 low high high high 1.13 1.12 1.61 1.68 1.38 
7 low high low low 1.43 1.36 1.53 1.44 
8 low high low high 1.22 1.52 1.41 1.62 1.44 
9 high low high low 1.47 1.71 1.53 1.57 
10 high low high high 1.41 1.30 1.20 1.53 1.36 
11 high low low low 1.77 1.44 1.90 1.59 1.68 
12 high low low high 1.33 1.67 1.4l 1.48 1.47 
13 high high high low 1.72 1.80 1.38 1.54 1.61 
14 high high high high 1.49 1.60 1.30 1.24 1.41 
15 high high low low 1.52 1.69 1.59 1.46 1.56 
16 high high low high 1.72 1.30 1.36 1.26 1.41 
Table 75. Experiment 6321 - Summary of percent ham and loin (carcass basis) 
Treat- Gestation Gestation Baby G-P Individual Average 
ment protein energy pig protein observations 
number level level protein level 
quality 
1 low low high low 36.79 37.04 36.83 36.74 36.85 
2 low low high high 37.59 37.57 41.25 39.72 39.03 
3 low low low low 36.62 35.71 39.79 37.33 37.36 
4 low low low high 41.22 38.26 36.55 38.68 
5 low high high low 37.22 37.48 38.61 37.77 
6 low high high high 38.76 39.41 40.81 37.22 39.05 
7 low high low low 37.59 39.48 39.49 38.85 
8 low high low high 39.43 37.17 38.28 36.71 37.90 
9 high low high low 38.38 35.51 37.04 36.98 
10 high low high high 37.03 38.75 4l.o4 38.52 38.84 
11 high low low low 36.01 38.37 35.91 36.71 36.75 
12 high low low high 39.24 40.00 41.23 38.61 39.77 
13 high high high low 36.64 35.07 39.03 39.30 37.51 
14 high high high high 38.44 35.79 40.28 41.14 38.91 
15 high high low low 40.99 35.38 38.55 38.93 38.46 
16 high high low high 38.71 40.36 38.14 42.00 39.80 
Table 76. Experiment 6321 - Summary of dressing percentage 
Treat­ Gestation Gestation Baby G-F 
ment protein energy- pig protein Individual Average 
number level level protein level observations 
quality 
. 
1 low low high low 69.80 70.44 69.27 68.66 69.54 
2 low low high high 68.21 69.71 70.24 69.23 69.35 
3 low low low low 67.15 68.63 69.23 69.60 68.65 
4 low low low high 68.47 68.81 70.87 69.38 
5 low high high low 69.72 70.79 69.91 70.14 
6 low high high high 67.23 68.27 71.50 71.29 69.57 
7 low high low low 70.00 69.46 69.80 69.75 
8 low high low high 67.79 66.99 71.43 69.76 68.99 
9 high low high low 67.94 70.00 67.50 68.48 
10 high low high high 69.71 69.48 69.90 60.02 69.53 
11 high low low low 69.21 67.43 70.62 69.42 69.17 
12 high low low high 67.69 69.57 70.19 67.92 68.84 
13 high high high low 67.82 71.01 69.47 70.44 69.68 
14 high high high high 67.14 68.63 69.17 64.22 67.29 
15 high high low low 70.30 66.84 66.99 69.78 68.48 
16 high high low high 69.31 69.00 69.78 71.09 69.80 
Table 77• Experiment 6321 - Summary of fat content of the Longlsslmus dorsi 
muscle®-
Treat­ Gestation Gestation Baby G-P Individual Average 
ment protein energy pig protein observations (2) 
number level level protein level 
quality 
1 low low high low 8.45 7.40 17.52 12. 34 11.43 
2 low low high high 7.23 10.22 5.16 6. 88 7.37 
3 low low low low 16.31 12.57 16.94 13. 42 14.81 
4 low low low , high 6.33 9.30 12.05 9.23 
5 low high high low 10.27 13.88 19.93 14.69 
6 low high high high 7.16 6.96 9.15 9. 26 8.13 
7 low high low low 13.67 11.28 15.36 13.44 
8 low high low high 7.13 8.24 8.19 6. 55 7.53 
9 high low high low 9.92 16.77 28.60 18.43 
10 high low high high 6.95 9.32 5.20 8. 27 7.44 
11 high low low low 11.00 12.10 21.58 17. 00 15.42 
12 high low low high 10.49 4.57 5.52 4. 66 6.31 
13 high high high low 17.75 10.78 18.17 15. 40 15.52 
14 high high high high 19.19 9.60 9.41 6. 84 11.26 
15 high high low low 13.29 16.34 19.43 21. 32 17.60 
16 high high low high 9.62 11.55 7.90 5. 95 8.76 
Table 78. Experiment 6321 - Analysis of variance of daily live-weight, carcass, 
and ham gain& 
Mean squares "F" ratios 
Source of d.f. Live- Carcass Ham Live- Carcass Ham 
variation weight gain gain weight gain gain 
gain gain 
Total 59 .0136 .0055 .0004 
Treatment A^ 15 .0072 .0043 .0003 .46 .73 .68 
Treatment 15 .0019 ,0012 .0001 .44 .75 .83 
Gestation energy (GE) 1 .0033 .0028 — .77 1.75 mm « 
Gestation protein (GP) 1 .0001 .0002 — — .02 .12 — — 
Baby pig protein 
.0046 2.06 quality (PQ) 1 .0033 .0002 1.07 2.00 
G-P protein level (PL) 1 .0116 .0060 .0005 2.70 3.75 4.20* 
GE X GP 1 — — .0002 — — — —' .12 — — 
GE X PQ 1 
^Daily live-weight gain for the entire experimental period. 
^Treatment and residual source of variation as found by analyzing the data 
from the completely randomized design. 
^Treatment and residual source of variation as found by analyzing the data by 
the method of unweighted means. Residual 3 mean square found by dividing the 
residual A mean square by an average number per sub-class (3.69) and this was the 
denominator mean square for treatment breakdown hypothesis testing. Treatment 
breakdown mean squares are those as found by the use of unweighted means. 
•Indicates statistically significant effect (P < .05). 
Table 78 (Continued) 
Mean squares "F" ratios 
Source of d.f. Live- Carcass Ham Live- Carcass Ham 
variation weight gain gain weight gain gain 
gain gain 
GE X PL 1 .0001 .0005 » " .02 .31 — — 
GP X PQ 1 — — — — — —• — mm — — — — 
GP X PL 1 mm •m — — .0001 — — — — .83 
PQ X PL 1 .0010 .0017 .0001 .23 1.06 .83 
GE X GP X PQ 1 .0002 — — — — .05 — — — — 
GE X GP X PL 1 — — — — — — — — — = — — 
GE X PQ X PL 1 .0028 .0003 .0001 .65 .20 .83 
GP X PQ X PL 1 .0046 .0014 — — 1.07 .88 
GP X GE X PQ X PL 1 .0008 .0017 .0001 .19 1.06 00
 
Residual 44 .0158 .0059 .00044 
Residual 44 .0043 .0016 .00012 
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Table 79- Experiment, 6321 - Analysis of variance of feed 
per pound of gain^ 
Source of variation d.f. Mean square 
Total 7 .0861 
Replication 3 .0434 
Treatment 1 .2813 
Residual 3 .0638^ 
^Gro-wing-finishing period. 
^Denominator mean square for hypothesis testing. 
Table 80. Experiment 6321 - Analysis of variance of dressing percentage, carcass 
backfat thickness, percent ham and loin, and fat content of the 
Longissimus dorsi muscle 
Source of 
variation 
d. f. 
Mean square s 
Dressing 
percentage 
Carcass 
backfat 
Percent 
ham and loin 
Pat 
Total 59 1.8630 .0317 2.9798 25.9393 
Treatment A^ 15 1.8288 .0324 3.7967 60.0501^^ 
Treatment 15 .4890 .0084 .9889 16.0843^^ 
Gestation energy (GE) 1 .0361 .0025 .9950 2.6325 
Gestation protein (GP) 1 1.0506 .0156 .1463 12.4432 
Baby pig protein quality (PQ) 1 .0169 .0016 .4223 .0856 
G-P protein level (PL) 1 .0882 .0576^ 8.1939** 191.1998** 
GE X GP 1 .3306 .0298 1.3168 
^Treatment and residual source of variation as found by analyzing the data 
from the completely randomized design. 
^Treatment and residual source of variation as found by analyzing tke data by 
the method of unweighted means. Residual B mean square found by dividing the 
residual A mean square by an average number per sub-class (3.69) and this was the 
denominator mean square for treatment breakdown hypothesis testing. Treatment 
breakdown mean squares are those as found by the use of unweighted means. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
Table 80 (Continued) 
Mean squares 
Source of d.f. Dressing Carcass Percent Fat 
variation percentage backfat ham and loin 
GE X PQ 1 .0900 .0025 .0518 .7098 
GE X PL 1 .8372 .0004 1.7622 1.0868 
GP X PQ 1 .6162 .0020 .3752 3.9502 
GP X PL 1 .0121 .0210 .8978 7.6868 
PQ X PL 1 .5852 .0081 .2475 .7966 
GE X GP X PQ 1 . 1260 .0072 .1173 7.3035 
GE X GP X PL 1 .0004 .0002 .0663 6.0393 
GE X PQ X PL 1 .9900 .0004 .4192 1.1502 
GP X PQ X PL 1 .1600 .0042 1.0972 .2093 
GP X GE X PQ X PL 1 2.4025* .0020 .0014 4.6548 
Residual A®" 44 1.9149 .0315 2.7016 14.3107 
Residual 44 .5189 .0085 .7321 3.8782 
Table 81. Experiment 6330 - Summary of total live-weight gain®' 
Baby pig phase High quality Low quality 
Gestation phase liP-LE HP-LE LP-HE HP-•HE LP—LE HP-•LE LP-HE HP-HE 
Replication Total gain (lb.) 
1 37.0 49.0 38. 5 53. 0 36.0 48. 5 27.5 47. 0 
45.5 50.5 28. 5 32. 5 37.5 53. 5 33.0 40. 0 
33.5 38.5 51. 5 23. 5 39.0 41. 0 34.5 4o. 0 
45.5 4o.O 46. 5 29. 0 30.5 49. 0 25.5 42. 0 
2 39.0 53.0 37. 5 43. 0 40.0 32. 5 42.2^ 39. 5 
49.5 49.0 39. 5 48. 5 37.5 44. 5 46.5 25. 5 
47.0 44.5 47. 0 39. 0 58.5 36. 5 42.5 35. 5 
36.5 38.0 47. 5 28. 0 52.5 43. 4» 49.3* 37. 5 
Average 41.7 45.3 42. 1 37. 1 41.4 43. 6 37.6 38. 4 
^Pirst 6 week experimental period. 
^Estimated values (Snedecor, 1956, page 310). 
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Table 82. Experiment 6330 - Summary of feed per pound of 
gain& 
High quality Low quality 
Peed per pound of gain (Ib.)^ 
1.81 1.73 
1.83 2.21 
1.66 2.05 
1.55 2.09 
1.86 1.88 
1.81 1.87 
1.72 2.18 
1.78 1.79 
Average 1.75 1.98 
^Pirst 6 week experimental period. 
^On a pen average basis. 
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Table 83. Experiment 6350 - Analysis of variance of total 
lire-weight gain and feed per pound of gain® 
Degrees of freedom Mean squares 
Source of variation Gain f eed/gain Gain Peed/gain 
Total 60 15 64.6109 .0)36 
Treatment 7 1 69.6101 .1980•• 
Gestation energy (GE) 1 286.4556^ 
Gestation protein (GP) 1 2.4025 
Baby pig protein 
quality (PQ) 1 25.7556 
GB X PQ 1 1.3807 
GP X PQ 1 18.4900 
GP X GE 1 101.0025 
GP X GE X PQ 1 51.8400 
Residual 53 14 63.9496% .0218% 
^Pirst 6 week experimental period. 
^Denominator mean squares for hypothesis testing. 
•Indicates statistically significant (P < .05). 
••Indicates statistically significant (P < .01), 
Table 8^. Experiment 6330 - Summary of daily live-weight gain& 
Treat­ Gestation Gestation Baby G-P Individual Average 
ment protein energy pig protein observations (lb.) 
number level level protein level 
quality 
1 low low high low 1.55 1.62 1.55 1.57 
2 low low high high 1.52 1.46 1.42 1.47 
3 low low low low 1.48 1.46 1.42 1.40 1.44 
4 low low low high 1.45 1.47 1.24 1.71 1.47 
5 low high high low 1.11 1.59 1.35 1.44 1. 51 1.4o 
6 low high high high 1.52 1.73 1.44 1.44 1. 44 1.51 
7 low high low low 1.18 1.29 1.45 1.31 
8 low high low high 1.38 1.37 1.36 1.37 
9 high low high low 1.50 1.30 1.67 1.49 
10 high low high high 1.62 1.40 1.60 1.54 
11 high low low low 1.65 1.63 1.58 1.62 
12 high low low high 1.58 1.47 1.44 1.49 1.50 
13 high high high low 1.24 1.43 1.53 1.08 1. 13 1.28 
14 high high high high 1.72 1.46 1.43 1.32 1.48 
15 high high low low 1. 4o 1.47 1.28 1.20 1.34 
16 high high low high 1.63 1.51 1.39 1.37 1.48 
^Entire experimental period. 
Table 85. Experiment 6330 - Summary of daily carcass gain 
Treat- Gestation Gestation Baby G-? Individual Average 
ment protein energy pig protein observations (lb.) 
number level level protein level 
quality 
1 low low high low 1.06 1.05 1.02 1.04 
2 low low high high 1.03 .99 .99 1.00 
3 low low low low 1.01 1.00 .99 .97 .99 
4 low low low high 1.02 1.00 .88 1.16 1.02 
5 low high high low .74 1.11 .92 .99 1.04 .96 
6 low high high high 1.06 1.17 1.01 .98 .95 1.03 
7 low high low low .76 .86 1.01 .88 
8 low high low high .97 .96 .94 .96 
9 high low high low 1.03 .94 1.13 1.03 
10 high low high high 1.11 .95 1.05 1.04 
11 high low low low 1.11 1.11 1.10 1.11 
12 high low low high 1.07 1.00 .98 1.03 1.02 
13 high high high low .85 .96 1.02 .73 .76 .86 
14 high high high high 1.16 1.00 .95 .89 1.00 
15 high high low low .95 1.00 .91 .79 .91 
16 high high low high 1.08 1.05 .95 .94 1.01 
Table 86. Experiment 6330 - Summary of daily ham gain 
Treat- Gestation Gestation Baby G-P Individual Average 
ment protein energy pig protein observations (lb.) 
number level level protein level 
quality 
1 low- low high low .22 .23 .23 .23 
2 low low high high .23 .22 .23 .23 
3 low low low low .22 .19 .21 . 20 .20 
4 low low low high .25 .20 .22 . 22 .22 
5 low high high low .22 .23 .20 .23 .21 
6 low high high high . 22 .22 .22 .26 .23 .23 
7 low high low low .23 .19 .19 . 20 
8 low high low high .21 .22 .21 .21 
9 high low high low .23 .21 .24 .23 
10 high low high high .26 .21 .25 . 24 
11 high low low low .23 . 24 .25 .24 
12 high low low high .22 .22 .23 .23 .22 
13 high high high low .18 .17 .23 .21 .18 .19 
14 high high high high .20 .21 .22 .26 .22 
15 high high low low .18 .18 .21 .21 .20 
16 high high low high .20 .21 .22 .23 .22 
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Table 87. Experiment 6330 - Summary of 
gain& 
feed per pound of 
Protein level {%) 12 16 
Replication Feed per pound of gain (Ib.)^ 
1 3.67 3.66 
2 3.56 3.49 
3 3.34 3.58 
4 3.45 3.48 
Average 3.51 3.55 
^•Growing-finishing period. 
^On a pen average basis. 
Table 88. Experiment 6330 - Summary of carcass backfat thickness 
Treat- Gestation Gestation Baby G-F Individual Average 
ment protein energy pig protein observations (in.) 
number level level protein level 
quality 
1 low low high low 1. 42 1.38 1.45 1.42 
2 low low high high 1.53 1.34 1.36 1.41 
3 low low low low 1.28 1.71 1.56 1.52 
4 low low low high 1.59 1.30 1.36 1.39 1.41 
5 low high high low 1.53 1.26 1.37 1.71 1.10 1.39 
6 low high high high 1.43 1.47 1.50 1.24 1.62 1.45 
7 low high low low 1.44 1.38 1.27 1.36 
8 low high low high 1.60 1.00 1.16 1.25 
9 high low high low 1.47 1.27 1.54 1.43 
10 high low high high 1.19 1.30 1.54 1.34 
11 high low low low 1.70 1.23 1.40 1.44 
12 high low low high 1.51 1.56 1.45 1.56 1.52 
13 high high high low 1.26 1.36 1.41 1.36 1.39 1.36 
14 high high high high 1.16 1.21 1.62 1.29 1.32 
15 high high low low 1.19 1.58 1.50 1.36 1.41 
16 high high low high 1.49 1.34 1.48 1.79 1.52 
Table 89. Experiment 6330 - Summary of percent ham and loin (carcass basis) 
Treat­ Gesta­ Gesta­ Baby G-F 
ment tion tion pig protein Individual observations Average 
number protein energy protein level 
level level quality 
1 low low high low 38.01 37.70 37.02 37.58 
2 low low high high 38.73 38.16 38.49 38.46 
3 low low low low 39.86 34.26 37.64 34.44 36.55 
4 low low low high 38.99 39.47 37.96 37.64 
41.75 
38.52 
5 low high high low 37.14 38.56 37.93 35.91 38.26 
6 low high high high 39.63 39.05 37.76 37.70 38.60 38.55 
7 low high low low 38.14 38.85 41.70 39.56 
8 low high low high 38.16 39.03 39.38 38.86 
9 high low high low 35.62 39.01 38.27 37.63 
10 high low high high 40.15 39.08 38.24 39.16 
11 high low low low 36.45 37.45 38.75 
36.64 
37.55 
12 high low low high 36.92 37.29 39.51 37.59 
13 high high high low 41.28 39.85 38.32 38.70 37.55 39.14 
14 high high high high 39.55 38.89 39.44 38.41 39.07 
15 high high low low 39.52 35.26 36.34 38.94 37.52 
16 high high low high 36.55 38.66 38.42 36.64 37.57 
Table 90. Experiment 6330 - Summary of dressing percentage 
Treat­ Gesta­ Gesta­ Baby G-P 
ment tion tion pig protein Individual observations Average 
number protein energy protein level 
level level quality 
1 low low high low 67.59 66.50 69.91 68.00 
2 low low high high 71.00 69.46 69.19 69.88 
3 low low low low 70.67 70.85 69.81 69.90 70.31 
4 low low low high 69.63 72.04 69.27 71.29 70.56 
5 low high high low 70.33 70.87 70.00 71.62 68.16 70.20 
6 low high high high 67.66 68.84 71.50 69.16 71.43 69.72 
7 low high low low 71.08 68.20 66.12 68.47 
8 low high low high 70.50 71.12 71.64 71.09 
9 high low high low 68.90 73.30 70.75 70.98 
10 high low high high 67.82 69.27 69.95 69.01 
11 high low low low 70.78 69.16 68.90 69.61 
12 high low low high 70.53 69.65 70.00 69.65 69.96 
13 high high high low 68.45 69.13 68.66 69.19 69.23 68.93 
14 high high high high 68.75 67.84 70.24 69.27 69.02 
15 high high low low 67.43 72.22 69.27 69.27 69.55 
16 high high low high 70.04 69.21 71.24 68.29 69.80 
Table 91. Experiment 6330 - Summary of fat content of the Longissimus dorsi muscle^ 
Treat­ Gesta­ Gesta­ Baby G-P 
ment tion tion pig protein Individual observations Average 
number protein energy protein level (^) 
level level quality 
1 low low high low 17.21 22.47 17.18 18.95 
2 low low high high 11.45 8.51 5.98 8.65 
3 low low low low 15.75 24.70 9.72 12.48 15.66 
4 low low low high 9.63 13.03 13.49 5.52 10.42 
5 low high high low 17.74 22.47 16.50 12.20 16.39 17.06 
6 low high high high 7.43 8.09 9.29 18.52 8.75 10.42 
7 low high low low 13.42 17.84 15.30 15.52 
8 low high low high 9.50 9.62 10.83 9.98 
9 high low high low 22.73 17.24 16.24 18.74 
10 high low high high 6.37 16.16 12.14 11.56 
11 high low low low 15.28 14.38 21.29 16.98 
12 high low low high 12.44 9.08 8.62 11.32 10.36 
13 high high high low 13.03 11.57 18.11 18.64 29.37 18.14 
l4 high high high high 9.11 6.54 6.30 25.76 11.93 
15 high high low low 15.33 22.04 21.64 15.72 18.68 
16 high high low high 14.70 12.22 7.08 5.70 9.92 
*Fat content on a dry matter basis. 
Table 92. Experiment 6330 - Analysis of variance of daily live-weight, carcass, 
and ham gain®-
Mean squares "F" ratios 
Source of d.f. live- Carcass Ham Live- Carcass Ham 
variation weight gain gain weight gain gain 
gain gain 
Total 59 .0217 .0100 .0004 
Treatment A^ 15 .0323 .0152 .0008 1.79 1.85 2.34^ 
Treatment 15 .0087 .0041 .0002 1.74 1.78 2.58** 
Gestation energy (GE) 1 .0540 .0256 .0010 10.80** 11.13*^ 11.24^^ 
Gestation protein (GP) 1 .0022 .0006 .0001 .44 .26 1.12 
Baby pig protein 
3.37 quality (PQ) 1 .0028 .0002 .0003 .56 .09 
G-F protein level (PL) 1 .0086 .0056 .0005 1.72 2.43 5.62* 
^Daily live-weight gain for the entire experimental period. 
^Treatment and residual source of variation as found by analyzing the data 
from the completely randomized design. 
^Treatment and residual source of variation as found by analyzing the data by 
the method of unweighted means. Residual B mean square found by dividing the 
residual A mean square by an average number per sub-class (3.61) and this was the 
denominator mean square for treatment breakdown hypothesis testing. Treatment 
breakdown mean squares are those as found by the use of unweighted means. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
Table 92 (Continued) 
Mean squares "F" ratios 
Source of d.f. Live- darcass Ham Live- Oarcass Ham 
variation weight gain gain weight gain gain 
gain gain 
GE X GP 1 .0028 .0025 .0003 .56 1.09 3.37 
GE X PQ 1 .0010 .0009 .0001 .20 .39 1.12 
GE X PL 1 .0264 .0144 .0003 5.28* 6.26* 3.37 
GP X PQ 1 .0162 .0056 .0003 3.24 2.54 3.37 
GP X PL 1 .0018 — — mm — .36 — — — — 
PQ X PL 1 ,0018 .002 .0001 .36 .36 1.12 
GE X GP X PQ 1 .0030 .0009 — — .60 .39 — — 
GE X GP X PL 1 .0018 .0016 .0002 .36 .70 2.25 
GE X PQ X PL 1 .0002 — • — — .04 — — — — 
GP X PQ X PL 1 .0068 .0030 .0002 1.36 1.30 2.25 
GP X GE X PQ X PL 1 .0060 .0009 .0002 1.20 .39 2.25 
Residual 44 .0180 .0082 .0003 
Residual 44 .0050 .0023 .00009 
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Table 93. Experiment 6330 - Analysis of Variance of feed 
per pound of galn& 
Source of variation d.f. Mean square 
Total 7 .0124 
Replication 3 .0183 
Treatment 1 .0045 
Residual 3 .0091^ 
^Growing-finishing phase. 
^Denominator mean square for hypothesis testing. 
Table 9"^. Experiment 6330 - Analysis of variance of dressing percentage, carcass 
backfat thickness, percent ham and loin, and fat content of the 
Longissimus dorsi muscle 
Source of d.f. 
variation Dressing 
percentage 
Carcass 
backfat 
Percent 
ham and loin 
Fat 
Total 59 1.9660 .0260 2.2658 30.8716 
Treatment A^ 15 2.4197 .0200 2.5014 54.0104 
Treatment B^ 15 .7338 .0056. .6814 14.6537 
Gestation energy (GE) 1 .1463 .0116 1.8838 .0068 
Gestation protein (GP) 1 .1173 .0010 .0770 5.8202 
Baby pig protein quality (PQ) 1 .8145 .0060 1.0660 3.9303 
G-P protein level (PL) 1 .5588 .0008 .9950 199.4450** 
GE X GP 1 .5588 . .0022 .4726 .1871 
GE X PQ 1 .1463 .0046 .0770 .0663 
^Treatment and residual source of variation as found by analyzing the data 
from the completely randomized design. 
^Treatment and residual source of variation as found by analyzing the data by 
the method of unweighted means. Residual B mean square found by dividing the 
residual A mean square by an average number per sub-class (3.61) and this was the 
denominator mean square for treatment breakdown hypothesis testing. Treatment 
breakdown mean squares are those as found by the use of unweighted means. 
••Indicates statistically significant effect (P < .01). 
Table 94 (Continued) 
Source of 
variation 
d. f. Mean squares 
Dressing 
percentage 
Carcass 
backfat 
Percent 
ham and loin 
Pat 
GE X PL 1 .2426 .0014 1.4702 .2998 
GP X PQ 1 .1702 .0203 1.8292 .0540 
GP X PL 1 1.9252 .0033 .0495 .0689 
PQ X PL 1 .9752 .0002 .1008 1.0868 
GE X GP X PQ 1 1.6706 .0095 1.0252 .2376 
GE X GP X PL 1 .2376 — — .1743 1.2826 
GE X PQ X PL 1 .4128 .0005 .0138 3.1240 
GP X PQ X PL 1 .0638 .0218 .1350 4.1514 
GP X GE X PQ X PL 1 2.9670* .0002 .8510 .0452 
Residual 44 1.8113 .0281 2.1854 22.9834 
Residual 44 .5017 .0077 .6054 6.3666 
•Indicates statistically significant effect (P < .05). 
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Table 95. Experiment 1142 - Summary of daily live-weight 
and carcass gain 
Level of whey {%) 
6 20 40 
Daily live-weight gain (lb.) 
1.79 
2.07 
1.93 
1.93 
1.92 
1.83 
2.07 , 
1.88 
1.89 
1.77 
1.56 
1.93 
1.67 
1.91 
1.91 
1.60& 
1.53 
1.50 
1.56 
1.92 
1.50 
1.67 
1.75 
1.57 
1.75 
1.59 
1.63 
1.57 
1.30 
1.71 
Average 1.78 1.77 1.68 
Daily carcass gain (lb.) 
1.13 
1.26 
1.12 
1.09 
1.17 
1.09 
1.22 
1.16 
1.15 
1.08 
.95 
1.08 
.96 
1.16 
1.13 
• 
1.03* 
1.00 
1.09 
.98 
1.16 
.96 
1.08 
1.11 
1.02 
1.10 
1.01 
1.01 
1.01 
Average 1.10 1.10 1.02 
^Estimated values (Snedecor, 1956, page 310). 
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Table 96. Experiment 1142 - Summary of carcass backfat 
thickness and feed required per pound of gain 
Level of vrtiey (%) 
Ô 20 40 
1.41 
1.80 
1.46 
1.41 
1.75 
1.82* 
t l l^  
1.57 
1.39 
Average 1.62 
Carcass backfat 
1.52 
1.70 
1.39 
1.63 
1.68 
1.79 
1.79 
1.98 
1.84 
1.50 
1.68 
(in.) 
1.38 
1.37 
1.26 
1.50 
1.49 
1.80 
1.72 
1.57, 
1.56& 
1.38 
1.50 
Feed per pound of gain (Ib.)^ 
Average 1.78 1.76 1.67 
^'Estimated values (Snedecor, 1956, page 310). 
^On a pen average basis. 
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Table 97. Experiment 1142 - Summary of percent ham and loin 
(carcass basis) and dressing percentage 
Level of wfaey (%) 
0 20 40 
Percent ham and loin 
37.93 
31.59 
34.37 
35.63 
33.66 
34.21 
32.95 
34.32 
34.00 
34.72 
39.75 
34.48 
35.18 
35.39 
33.88 
33.86* 
34.40 
35.26* 
35.42 
33.26 
33.88 
32.78 
33.88 
33.33 
33.22 
33.63 
33.40 
36.42 
35.37* 
33.82 
Average 34.54 33.73 
Dressing percentage 
35.13 
71.43 
69.27 
67.56 
67.07 
67.94 
67.96 
68.04 
69.19 
69.65 
68.27 
69.57 
65.30 
66.50 
68.93 
66.90 
71.46* 
71.94 
69.53* 
69.49 
66.99 
71.65 
70.24 
69.50 
71.17 
69.76 
70.44 
69.17 
68.72% 
69.09 
67.00 
Average 69.27 69.54 68.17 
^Estimated values (Snedecor, 1956, page 310). 
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Table 98. Experiment 1142 - Summary of fat and moisture 
content of the Longissimus dorsi muscle®' 
Level of whey 
0 20 40 
Pat content {%) 
13.28 17.50 11.98 
17.08 15.77 12.82 
13.04 15.26 11.12 
10.50 11.38 13.30 
17.00 10.44 15.28 
15.54^ 18.62 10.89 
14.39, 17.21 21.52 
14.88* 12.80 15.38. 
20.36 23.38 21.59* 
25.89 10.98 20.94 
Average 16.20 15.33 15.48 
Moisture content {%) 
72.10 71.24 72.44 
71.44 72.94 73.02 
73.43 71.30 71.64 
72.74 73.11 72.04 
72.50 73.15 72.90" 
71.53* 70.28 72.80 
71.98, 71.36 71.29 
72.30* 72.43 72.18 
70.77 70.00 70.53* 
70.76 72.88 71.75 
Average 71.96 71.87 72.06 
^Pat content on a dry matter basis. 
^Estimated values (Snedecor, 1956, page 310). 
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Table 99. Experiment 1142 - Analysis of variance of daily 
live-weight and carcass gain 
Mean squares Hp" ratios 
Source of 
variation d.f. 
Live-
weight 
Kain 
Carcass 
gain 
live-
weight 
Kain 
Carcass 
gain 
Total 28^ .0372 .0081 
Outcome group 9 .0903^^ .0124* 
Treatment (T) 2 .0292 .0209 2.89 5.65^ 
Whey vs. no whey 
20 vs. 4o^ whey 
1 
1 
.0180 
.0405 
.0129 
.0289 
1.78 
4.01 
3.49 
7.81* 
Residual 17^ .0101^ .0037^ 
Coefficient of 
variation 5.78 5.68 
^Minus 2 degrees of freedom in analysis of carcass data 
for missing values. 
^Denominator mean squares for hypothesis testing. Resid­
ual mean square determined from within pen variation. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
Table 100. Experiment 1142 - Analysis of variance of dressing percentage, carcass 
backfat thickness, percent ham and loin, and fat and moisture content 
of the Longissimus dorsi muscle 
Mean squares 
Source of 
variation d.f. 
Dressing 
percentage 
Carcass 
backfat 
Percent 
ham and 
loin 
Pat Moisture 
Total 26 5.0813 .0390 2.7387 18.8484 .9573 
Outcome group 9 4.9865* .0747^^ 4.5288* 27.5873 1.4512 
Treatment (T) 2 5.3434 .0823*+ 4.9596 2.1246 .0905 
Whey vs. no lAiey 
20 vs. 4o^ tdiey 
1 
1 
1.1509 
9.5358*^ 
.0043 
.1602^^ 
.0770 
9.8420* 
4.1396 
.1095 
.0005 
.1805 
Residual 15 1.6366* .0117* 1.3685* 15.8349* .7766* 
^Denominator mean squares for hypothesis testing. Residual mean square deter 
mined from within pen variation. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 101. Experiment 1165 - Summary of daily, live-weight 
gain and feed required per pound of gain 
Ration 
Control Control + 7.5 mg. dontrol + 15 mg. 
androgen and androgen and 
160 meg. estrogen 320 meg. estrogen 
Daily live-weight gain (lb. ) 
2.09 2.21 1.96 
1.71 1.70 1.94 
1.88 1.73 1.73 
1.99 1.89 1.84 
1.95 1.63 1.91 
1.70 1.72 1.90 
1.81 2.07 1.84 
1.89 2.15 2.07 
1.99 1.88 1.97 
1.91 2.03 1.64 
1.79 1.92 1.80 
1.79 1.90 1.59 
Average 1.88 1.90 1.85 
Feed per pound of gain (lb.) a 
Average 3.48 3.36 3.25 
^On a pen average basis. 
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Table 102. Experiment 1163 - Summary of carcass backfat 
thickness 
Ration 
Oontrol Oontrol +7.5 mg. Oontrol + 15 mg. 
androgen and androgen and 
160 meg. estrogen 320 meg. estrogen 
Carcass backfat (in.) 
1.52 1.43 1.73 
1.50 1.33 1.43 
1.47 1.47 1.32 
1.81 1.57 1.57 
1.60 1.60 1.65 
1.84 1.16 1.28 
1.51 1.39 1.70 
1.49 1.36 1.36 
1.67 1.57 1.49 
1.43 1.78 1.57 
1.46 1.42 1.46 
1.56 1.71 1.55 
Average 1.57 1.48 1.51 
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Table 103. Experiment 1163 - Summary of percent ham and loin 
(carcass basis) and dressing percentage 
Ration 
Control Control + 7.5 mg. Control + 15 mg. 
androgen and androgen and 
160 meg. estrogen 320 meg. estrogen 
Percent ham and loin 
36.96 37.98 35.70 
38.51 38.36 39.40 
37.00 38.20 39.00 
35.04 36.21 38.69 
36.94 36.44 38.50 
34.86 35.30 37.80 
37.10 36.23 36.93 
36.21 36.34 36.84 
36.25 37.91 37.04 
38.56 35.54 37.89 
37.11 37.12 36.64 
35.97 36.74 37.79 
Average 36.71 36.86 37.68 
Dressing percentage 
70.23 69.21 67.50 
70.50 69.65 63.33 
71.75 69.50 69.31 
68.45 66.00 68.50 
68.87 68.75 67.96 
69.57 71.63 71.77 
71.43 69.68 70.00 
69.65 67.62 67.54 
68.03 69.25 67.30 
68.91 67.48 71.00 
69.27 68.81 69.42 
70.24 69.46 69.31 
Average 69.74 68.92 68.58 
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Table 104. Experiment 1163 - Summary of fat and moisture 
content of the Longissimus dorsi muscle^ 
Ration 
Control Control + 7.5 mg. Control + 15 mg. 
androgen and androgen and 
160 meg. estrogen 320 meg. estrogen 
Pat content {%) 
17.18 14.38 11.97 
14.09 12.31 14.18 
17.36 12.93 13.92 
24.40 32.08 9.77 
18.89 25.21 16.36 
14.93 17.26 13.56 
11.86 13.98 9.95 
20.95 25.12 15.42 
17.25 14.78 19.38 
11.78 10.88 16.06 
11.15 8.86 19.78 
12.39 16.61 20.26 
Average 16.02 17.03 15.05 
Moisture content {%) 
73.74 73.40 74.36 
72.74 73.63 73.83 
73.26 73.06 73.82 
71.26 68.80 74.29 
72.74 70.24 72.96 
73.19 71.90 73.75 
72.75 73.08 74.32 
72.55 70.44 73.82 
72.66 74.31 72.63 
74.02 73.64 72.78 
73.92 74.86 71.83 
72.73 71.58 72.08 
Average 72.96 72.41 73.37 
*Fat content on a dry matter basis. 
Table 105. Experiment 1163 - Analysis of variance of dally live-weight gain, 
dressing percentage, carcass backfat thickness, percent ham and loin 
and fat and moisture content of the Longissimus dorsi muscle 
Source of 
variation 
Mean squares 
d.f. Daily live-
weight gain 
Dressing 
percentage 
Carcass 
backfat 
Percent 
ham and 
loin 
Fat Moisture 
Total 35 .0220 2.7458 .0232 1.3161 24.8858 1.6384 
Outcome group 11 .0335 3.3462 .0250 1.6033 32.7410 1.7331 
Treatment 2 .0086 4.2904 .0252 3.3001 11.7930 2.7899 
Residual 22 .0175* 2.3052* .0221^ .9922* 22.1485* 1.4864* 
Coefficient of 
variation {%) 7.07 
^•Denominator mean squares for hypothesis testing. Residual mean square 
determined from within pen variation. 
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Table 106. Experiment 1065 - Summary of daily carcass gain 
Low energy HiKh energy 
Protein level 25^ 19^ 13# 25# 19# 13# 
Replication Pigs slaughtered at 150 pounds 
IB .72 .93 .88 .73 .84 .84 
.68 .97 .88 .84 .80 1.09 
28 .74 .64 .85 .69 .93 .93 
.74 .69 .84 .59 .92 .85 
3B .78 .90 .72 .82 .88 1.02 
.70 .86 .87 .84 .76 .83 
48 .66 .71 .71 .59 .87 .79 
.63 .67 .75 .70 .59 .84 
5B .78 .86 .91 .84 .80 .97 
.82 .88 .95 .79 .79 .92 
68 .86 .75 .86 .75 .96 .74 
.81 .89 .89* .82 .89 .91 
Average .74 .81 .84 .75 .84 .89 
Pigs slaughtered at 200 pounds 
IB 1.03 .91 1.08 .97 1.09 1.01 
28 .89 .97 .99 .85 1.02 1.20 
3B .99* .95 1.10 1.11 1.11 1.22 
48 .90* .76 1.14 1.07 .90 1.02 
5B 1.03* 1.04 .95 1.15 1.12 1.24 
68 1.08* 1.06& 1.08 .99 1.18 1.13 
Average .99 .95 1.06 1.02 1.07 1.14 
^Estimated values (Snedecor, 1956, page 310). 
Table 107. Experiment 1065 - Analysis of variance of daily live-weight and carcass 
gain 
Mean squares II pi, ratios 
Source of d .f. Live-weight Carcass Live-weight Carcass 
variation gain gain gain gain 
Total 103 a .0331 .0235 
Outcome groups (OCG) 17 .0574 .0892** 
Replication ( R )  5 .0487 .0529** 
Sex (S) 1 .2062 .10l4*^ 8.15** 13.52** 
R/S 4 .0093 .0408 
18.4^^ 160.40^^ Weight (W) 1 .4657 1.2030 
W X S 1 .0024 .0024 
Tf X R X 8 4 .0264 .0046 
G/150 ¥ gpooled 
Treatment (T) 5 .0806 .0578 3.19* 7.71** 
Energy (E) 1 .0293 .0538 1.16 7.17* 
Protein (?) 2 .1686 .1123 6.16** 14.97^^ 
Linear 1 .3362 .2244 13.29** 29.92** 
Quadratic 1 .0012 .0002 — — --
E X P 2 .0183 .0054 .72 .72 
%inus 2 degrees of freedom in analysis of carcass data for missing values. 
•Indicates statistically significant effect (P < .05). 
••Indicates significant effect (P < .01). 
Table 107 (Continued). 
Mean squares "P" ratios 
Source of 
variation 
d.f. Live-weight 
gain 
Carcass 
gain 
live-weight Carcass 
gain gain 
T X OCG 81^ .0250 .0072 
T X R 
T X S 
T X R/S 
T X W 
T X W X S 
25 
5 
20 
5 
5 
.0253^ 
.0499 
.0192 
.0532 
.1497 
.0075* 
.0138 
.0060 
.0089 
.0321 
Remainder 46^ .0083 .0040 
Coefficient 
(Z) 
of variation 
9.91 9.75 
^Denominator mean squares for hypothesis testing. 
214 
Table 108. Experiment 1077 - Summary of average daily car 
cass gain (lb.) 
Protein level 25^ 19% 13? 2556 19% 13% 
Replication Pigs slaughtered at 150 pounds 
IS .64 .67 .73 .72 .87 .80 
2B .68 .77 .71 .70 .81 .82 
38 .53 .66 .71 .70 .84 .79 
4B .54 .58 .74 .73 .74 .71 
Average .60 .67 .72 .71 .82 .78 
Pigs slaughtered at 200 pounds 
IS .76 .84 .73 .88 .89 .95 
2B .68 .77 .72 .84 .75 .90 
38 .64 .80 .76 .86 1.05 .85 
4B .61 .76 .86 .79 .88 .98 
Average .67 .79 .77 .84 .89 .92 
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Table 109. Experiment 1077 - Analysis of variance of average 
daily live-weight and carcass gain 
Mean squares "F" ratios 
Source of 
variation 
d, .f. live-
weight 
gain 
Carcass 
gain 
Live-
weight 
gain 
darcass 
gain 
Total 47 .0158 .0115 
Weight 1 .0690 .1160 6.16^ 25.22** 
Replication (R) 3 .0008 .0044 
Sex 1 .0024 .0075 .21 1.63 
R X S 2 .0028 
R X W 3 .0060 .0072 
Treatment (T) 5 .0777 .0539 6.95^* 11.72** 
Ibiergy (E) 1 .2054 .1825 18.34** 39.67** 
Protein (P) 2 .0814 .0421 7.27** 9.15** 
Linear 1 .0946 .0666 8.45** 14.48** 
Quadratic 1 .0683 .0176 6.10* 3.83 
E X P 2 .0100 .0014 .89 .30 
T X R 15 .0112^ .0046^ 
T X W 5 .0042 .0029 
T X W X R 15 .0054 .0024 
Coefficient of 
variation (^) 7.96 8.86 
^•Denominator mean squares for hypothesis testing. 
•Indicates statistically significant effect (P < .05). 
••Indicates statistically significant effect (P < .01). 
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Table 110. Experiment 1106 - Summary of daily carcass gain 
(lb.) 
Protein level 18^ 15% 12% 
Amino acid 
supplementation + + + 
Replication HiKh energy 
1 1.06 1.05 1.12 .99 1.03 .98 
.85 .90 1.04 1.19 1.04 .82 
1.00 1.04 1.19 1.24 1.04 1.23 
1.08 1.07* 1.05 1.05 1.20 1.19 
.93 1.02& 1.01 1.07 .92 1.06 
1.14 1.25 1.05 1.08 1.24 1.13 
2 1.12 .79 .85 1.01 1.01 .94 
.83 .96 .93 1.08 1.04 1.03 
.85 .91 1.13 1.10 1.20 1.01 
.87 1.03 1.02 1.16 1.15 1.08 
1.02 .91 1.15 1.03 .84 1.04 
1.03 1.01 1.04& 1.10 .92 1.01 
Average .98 1.00 1.05 1.09 1.05 1.04 
Low energy 
1 .74 .98 .92 .97 .95 .90 
.94 .82 .93 .85 .82 .94 
.69 .82 .86 .92 .82 .94 
.91 .88 .89 .90 .99 
.92 .84 .72 .97 1.06 .84 
1.07 .97 .95 .90 1.04 .91 
2 .88 .85 1.06 .93 .94 .94 
.88 .80 .86 .93 .70 .95 
.82 .88 .90 .85 .92 .83 
.83 .81 .80 .82 .98 .84 
.82 .80 .81 .86 .90 .87 
.85 .86 .99 .92 .95 .84 
Average .86 .86 CO
 
VO
 
.90 .92 .90 
^Estimated values (Snedecor, 1956, page 310). 
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Table 111. Experiment 1106 - Analysis of variance of daily 
live-weight and carcass gain 
Source of 
variation 
d.f. 
Mean squares II pti ratios 
Live-
weight 
gain 
carcass 
gain 
Live-
weight 
gain 
Carcass 
gain 
Total I4l .0334 .0146 
Outcome group (OOG) 11 .0535 .0208^^ 
Replication (R) 1 .1958 .0724*^ 
R/OCG 10 .0393 .0157** 
Treatment (T) 11 .1006 .0822 1.85 25.69** 
Energy (E) 1 .8946 .7700 16.44^^24O.63^* 
Protein (P) 2 .0643 .0514 1.18 16.06** 
Amino acids (AA) 1 .0198 .0009 .36 .23 
E X P 2 .0076 .0071 .14 2.22 
E X AA 1 .0223 .0041 .41 1.28 
P X AA 2 .0120 .0058 .22 1.81 
E X P X AA 2 .0008 .0003 .01 .09 
Residual 119 .0254 .0077 
R X T 11 .0544^ .0032* 
Coefficient of 
variation (^) 14.00 5.88 
^Denominator mean squares for hypothesis testing. 
••Indicates statistically significant effect (P < .01). 
